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1. INTRODUCTION 


CoMMON sheet or plate glass is manufactured by passing molten glass while 
in a plastic state between moving rollers and possesses a lamellar structure 
which owes its origin to this dynamic procedure of shaping the material. 
The structure becomes visible when a strip of the plate glass is viewed edge- 
wise through a magnifier, using light which has traversed the strip in a direc- 
tion parallel to its surfaces. The entire thickness of the strip is seen to be 
made up of a great number of distinct lamine parallel to each other and to 
the surfaces of the strip. That the lamellar structure is associated with a 
characteristic type of birefringence becomes evident when the plate is viewed 
in the same manner when held between crossed polaroids. A strong resto- 
ration of light is then observed except when the surfaces of the strip are 
parallel to the vibration direction of either the polariser or the analyser. The 
individual lamine differ in the strength of their birefringence as indicated 
by the intensity and colour of the restoration of light which they produce 
in these circumstances. The variation in birefringence in the successive 
laminez may be exhibited by superposing a quartz wedge lengthwise over the 
edge of the strip. Photographs of these effects were reproduced with a recent 
paper in these Proceedings to illustrate the thesis that amorphous solids may 
exhibit an intrinsic or structural birefringence arising from the circum- 
stances of their formation and distinct in its nature from the well-known 
double refraction produced by stress (Raman, 1950). 


We return to the subject in the present communication mainly because 
better technique has since made it possible to portray the lamellar structure 
of plate glass and the birefringence associated with it in a more satisfactory 
manner. By using glass strips with edges ground flat and polished, and 
employing a higher magnification with the illumination so adjusted as to 
secure optimum visibility of the structure, the earlier photographs have teen 
greatly improved upon. This will be evident on a comparison of Figs. 12 
and 13, 14 and 15, 16 and 17, in Plate XIII of the previous paper with the 
corresponding Figs. 1 and 2, 3 and 4, 5 and 6 in Plate XVIII accompanying 
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the present communication. The number of distinct lamine visible is now 
much larger; for instance, some thirty lamine are visible in a 1/16” glass 
plate (Fig. 5), while in a 4” glass plate (Fig. 1) at least a hundred may be 
counted. Fig. 2 exhibits at its extreme left a small part of the edge of a 
strip of a 4” plate not covered by the quariz wedge; its continuation towards 
the right on which the wedge fringes appear superposed exhibits the variation 
of the birefringence over the entire thickness. The photograph shows that 
the birefringence is noticeably discontinuous as between the successive lamina. 
Figs. 4 and 6 in Plate XVIJI similarly illustrate the effect of superposing a 
quartz wedge on the birefringence patterns of 1/8” and 1/16” plate glass. 
The same without such superposition are reproduced as Figs. 3 and 5 
respectively in the Plate. 


Careful examination of a six-inch strip of }” plate glass one inch wide 
showed no noticeable change even in respect of the finer details of its lamellar 
structure over its entire length or as between the two sides of the strip. 
Considering the observed facts in their entirety, viz., the great number of the 
individual lamine, their sharpness, their remarkable parallelism and uni- 
formity, as well as their association with a birefringence which varies in a 
discontinuous manner as between adjacent laminz, we are led to the con- 
clusion that they represent essentially a stratification in the physical struc- 
ture of the medium resulting from the circumstances of its formation, as 
already indicated. We may, in fact, not inaptly compare the lamellar 
structure of plate glass with the sets of parallel slip-planes well known to te 
present in crystalline solids which have been subjected to plastic deformation. 


2. THE VISIBILITY OF THE STRATIFICATIONS 


The conditions under which the lamellar structure and the associated 
birefringence are most clearly visible are related to the optical effects pro- 
duced by the stratifications in the medium when light traverses it. As already 
indicated, the observation of the lamine requires that the plate should be 
viewed edgewise and that the incident light beam should traverse it in a direc- 
tion parallel to its surfaces. To secure this condition, it is obviously 
necessary to restrict the angular extension of the source of light. Indeed, 
the structure is completely invisible when the plate is viewed edgewise against 
an extended source of light, e.g., an open window. It is also invisible when 
light arising from a source of restricted area traverses the plate in a direction 
inclined at more than a few degrees of arc to the plane of the laminations. 
The reason for these facts becomes’ apparent when a narrow illuminated 
slit is viewed from a distance through the edge of the plate held parallel to it. 
The slit is then seen spread out into a diffraction pattern. This is most 
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conspicuous when the direction of observation is exactly parallel to the sur- 
faces of the plate. It undergoes various changes and ultimately disappears, 
leaving only the undeviated image of the slit, as the plate is tilted and the 
light traverses it in a direction inclined to its surfaces when such inclination 
exceeds a few degrees of arc. We conclude from these observations that the 
lamellar strucure is visible when it is capable of producing observable 
diffraction effects and that it ceases to be visible when such effects do not 
arise. 


It is not to be understood trom the foregoing that a narrow slit is the 
most suitable source of illumination for observing the lamellar structure. 
Indeed, with such a source, the structure appears overlaid by numerous 
fine streaks displaying colours, evidently due to interference. To 
suppress these, the angular width of the source should be increased, 
but not to such an extent as to obliterate the details of the structure. 
Actually, there is an optimum value for the angular extension of the light- 
source in a direction transverse to the stratifications which enables them to 
be seen most clearly. In these circumstances, the structure reveals itself 
as a series of dark lines of varying width and intensity traversing a bright 
field, provided the plate is held symmetrically with respect to the angular 
extension of the source. 


It is worthy of remark that the birefringence may be observed even when 
the lamellar structure is invisible by reason of too great an angular extension 
of the light-source. It then manifests itself as a restoration of Jight in which 
the differences between adjacent lamine are obliterated. Even so, the 
birefringence is seen to vary over the thickness of the plate. Two dark lines 
running parallel to each other with bright strips on either side are seen on 
the edge of the plate, except near its free ends where they curve round to 
join the corners. These dark lines evidently represent the neutral lines 
where there is no birefringence separating regions in which the birefringence 
is of opposite signs. In general, they appear symmetrically placed with 
reference to the edges of the strip and divide its area approximately in the 
ratio 1: 3: 1, but there are also exceptions, as for instance, the 4” plate whose 
structure is represented in Figs. 3 and 4 in Plate XVIII. 


3. THE DIFFRACTION PHENOMENA 


We proceed to consider the diffraction effects alluded to above which 
are observed when a fine illuminated slit is viewed edgewise through a plate held 
parallel to it. These effects depend on the intrinsic character of the strati- 
fications, but they are also influenced by the circumstances of observation, 
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viz., the depth of the medium through which the slit is viewed, the inclina- 
tion of the incident light rays to the plane of the stratifications and also by 
the width of the aperture of observation which determines the number of 
stratified layers effectively taking part. A study of the influence of these 
factors reveals various similarities between the present case and the diffrac- 
tion effects arising when light traverses a medium containing a stationary 
pattern of ultrasonic waves. The explanation of the latter effects (Raman 
and Nath, 1935 and 1936) enables us more readily to understand the pheno- 
mena observed in the present case, though there are also important differ- 
ences to be noted. 


The depth of the stratified medium which the light has to traverse can 
be varied within wide limits by altering the width of the strip of glass cut 
and prepared for the observations. When a narrow illuminated slit is viewed 
in a direction parallel to the surfaces of the strip, it is found that the greater 
the depth of the medium, the larger is the fraction of the incident energy 
which is thrown into the diffraction pattern. This appears extending sym- 
metrically on either side of the slit. When the depth of the medium is 
sufficiently large, the whole of the incident light is diffracted and the slit 
itself ceases to be visible. Simultaneously, the diffraction pattern widens 
out on either side, the direction of maximum intensity remaining at its centre. 


The character of the effects observed is notably altered when the sur- 
faces of the plate are inclined to the direction of the illuminated slit. If 
the depth of the medium is not altogether too small, the effect of such incli- 
nation is to divide the pattern into two distinct parts, one of which remains 
at the centre and the other moves away to one side of it. We may describe 
these as the transmission and reflection patterns respectively, these words 
being indicative of their origins as well as of their geometric positions. As 
their separation increases, the reflection pattern diminishes in intensity 
and ultimately disappears, while the transmission pattern contracts by gain- 
ing intensity at the centre and losing it at the margins, until finally only 
the undeviated image of the slit is seen. The separation of the diffraction 
pattern into two distinct parts as described above is not so evident if the 
depth of the medium is small. The effect of inclining the plate in such a 
case is to cause the diffraction pattern at first to expand laterally in an un- 
symmetrical fashion and then to contract once again and finally to disappear. 


Even when the source is of white light, the diffraction pattern exhibits 
a visible structure; with monochromatic light, it appears resolved into a 
crowd of discrete lines. The latter observation may, at first sight, seem 
to be surprising in view of the fact that the stratifications in the medium 
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are very far indeed from constituting a regular diffraction grating. Actually, 
however, the result observed is that which is theoretically to be expected. 
For, while the diffraction of light by the individual stratifications determines 
the angular extension of the pattern, its structure is determined by the inter- 
ference of the effects of all the stratifications falling within the aperture of 
observation. A regular stratification would give rise to a relatively small 
number of intense maxima of illumination appearing as lines in the diffraction 
pattern. On the other hand, an irregular stratification woluld give rise to 
a much larger number of maxima but of correspondingly diminished intensity. 
But their sharpness would, in either case, be determined by the total aperture 
of observation and hence would be the same in both cases. The case is 
analogous to the diffraction of light by a cloud of small particles distributed 
irregularly over the area of an aperture; these are observed to give rise to 
a great many sharply defined images of the light-source in the field of view 
(Ramachandran, 1943). 


4. OBSERVATIONS WITH POLARISED LIGHT 


As we are here concerned with the optical behaviour of a stratified 
birefringent medium, the question naturally arises whether the diffraction 
effects arising when it is traversed by light would depend on the state of 
polarisation of the latter at entry. It is evident from the observed facts that 
the retardation of phase produced by the plate differs for vibrations res- 
pectively parallel and perpendicular to the stratifications and that such dif- 
ference is not the same for all of them. Hence the rays emerging from the 
glass would differ from each other in phase to an extent depending on the 
state of polarisation of the incident light. In these circumstances, we may 
expect the diffraction pattern to be noticeably different for the two components 
of the light vector. 


That the stratifications are far from being perfectly periodic and that 
in consequence the diffraction pattern does not possess a simple structure 
makes an experimental test of the theoretical conclusion stated above not 
SO easy as may seem at first sight. Careful studies using a monochromatic 
light-source would be needed to reveal the expected effect in all its detail. 
Some preliminary observations which have been made with a white light- 
source however indicate that an effect of the nature indicated does exist. 
For this purpose, a slip of glass one millimetre thick was prepared and 
polished so as to have reasonably flat and parallel faces. It was placed 
between a pair of polaroids and an illuminated slit was viewed through the 
combination. When the polaroids were in the crossed position and the 
Stratifications in the glass were inclined at 45° to their vibration directions, 
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the diffraction pattern continued to be visible as the result of the birefringence 
of the glass, though rather faintly. One of the polaroids was then rotated 
a little with respect to the other. It was then observed that the pattern 
became brighter but with a very noticeable change in its structure, some parts 
gaining intensity much more than others. 


I have much pleasure in acknowledging the valuable assistance of 
Mr. J. Padmanabhan in this investigation. 


SUMMARY 


Using carefully prepared material with adequate magnification under 
conditions securing the optimum visibility, photographs exhibiting the 
lamellar structure of plate glass and the associated birefringence have been 
secured which exhibit far more detail than previously. The visibility of 
the structure is closely related to the diffraction phenomena to which it gives 
rise. The latter are described and discussed in detail. 
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1. INTRODUCTION 


Tue heptahydrates of the sulphates of magnesium and zinc belong to the 
orthorhombic system. The naturally occurring minerals form the Epsomite 
group consisting of MgSO,, 7H,O, also called Epsom salt, ZnSO,, 7H,O, 
or Goslarite and NiSO,, 7H,O or morenosite. They exhibit many similar 
properties as in their cleavage and other crystal habits. When these 
sulphates are grown from aqueous solutions at room temperature, they 
crystallize as the heptahydrates. Since good crystals of these salts can be 
easily grown, it is proposed to determine the elastic constants of two of these 
three salts, namely of MgSO,, 7H,O and ZnSQ,, 7H,O. 


The crystal faces and axes are identified by using the crystallographic 
and the optical data given by Groth (1908). 


{In both the crystals, the following are the prominent faces: m (110), 
6(010), o (111), w (LLL), r (101) and occasionally also a(100). The relevant 
data used in identification are given below: 


MgSO,, 7H,0.— 
m:im =(110): (110) = 89° 26’ 
o:w =(I111): (111) =52° 40’ 
o:m =(111):(110) = 50° 49’ 
r:m =(101) =(110) = 69° 13’ 


Cleavage is perfect in the plane (010). 
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ZnSO,, 7H,0.—Forms from solutions under 30° C. 


m:m =(110): (110) = 89° 22’ 

m:q =(110): (O11) = 69° 55’ 

mir =(110): (101) = 69° 11’ 

O:m =(111): (110) = 50° 25’ 

O:a =(111): (100) = 63° 30’ 

0:65 =(111): (010) = 63° 0’ 
Cleavage along 4 (010). 


The cleavage is so good that by properly tapping with the sharp edge 
of a screw-driver, we get the X,-sectional plane. With the help of the above 
data, the faces and axes are determined and the necessary sections cut. 


2. EXPERIMENTAL PROCEDURE 


The orthorhombic system is characterised by the nine constants C,,, 
Coo, C33, Cag, Cos» Cos, Ciz, Cag and C3,. The procedure adopted to deter- 
mine the constants and the technique employed are substantially the same 
as those described by the author in a previous publication (Sundara Rao, 
1949). The a-, b-, c-crystallographic axes are respectively taken as the 
X,-, Xo-, Xg-aXxes. 


Six of the nine constants, wiz., those of the type C;; come out directly 
from the axial cuts, using the secular Christoffel determinant. Thus a 
plate whose normal coincides with the X,-axis gives C,,, Cs; and Cgg;_ the 
X,-cut gives Cy., Cgg and C4, and the X;-cut yields C33, C4, and Css, which 
thus give the six constants C;; with three checks. The remaining constants 
Cis, C23 and C,, are determined by using suitable oblique cuts. For these 
cuts, however, a method which obviates the necessity of using approximate 
solutions is adopted and given below. 


For oblique cuts, the simplest method of using the Christoffel equation 
is to transform all the constants to a suitable co-ordinate system and then 
use the secular determinant. Here the normal to the plate is denoted by the 
transformed X,’-axis and the constants are transformed to this new system 
of co-ordinates axes. After the transformation, we get the new form of 
the Christoffel determinant as given below: 
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C34’ Cus Cy; | =0 (1) 
C;,' Cys } 


where x =pv? and p is the density of the medium and v the corresponding 
velocity of the elastic wave in it. 


Considering a rotation about the X,-axis, we shall take a section which 
has its normal in the X,—X;, plane, equally inclined to either of them, the 
X, 45 X_ (X, 45 X, cut meaning that the normal is perpendicular to X,-axis 
and is inclined at 45° to X, and so on) as in a previous notation. The rele- 
vant constants for the section are 





ge Cys’ = $ (Coot Ca3+ 2Cog+ 4C41) 

tis Cy, = 4 (Coo+ C33— 2C33) 
C55’ = 4 (Css+ Ces) \ (2) 
C34’ = 4(Css— Coa) 

’ C35 a Cy; = 0. 

‘lly 

a Substituting the above values in (1) we get one of the torsion modes, 

me viz., C;;’ out of the determinant, the remaining part being the quadratic 

10, 

he (C33'— x) (Cy,'— ps C’2,,=0 (3) 


the two roots of which give the remaining torsion and the longitudinal mode. 
We get from (3) 


tly 
he x =3[Cy't$ Ca’ + Val = CA FACT (4) 
he 
ch the root with the + sign for the radical in (4) being obviously the longi- 
its tudinal mode, which we shall denote as x;. After a little transformation 
se therefore, we get: 
ite ‘ : ts SS Fae m: 

C.3 = + Vv [{2x7 TP (Cy, a C 44 }a— 4C*,4 ae C,,] (5) 
" Inspection shows that all the quantities on the right-hand side of (5) are 
ne known, x, being experimentally determined, and the rest of the quantities 
“8 previously determined, C33’+ C4,’ being equal to 4 (C..+ Cy3+ 2C,,). 
m Here, however, there is an ambiguity in the sign of the radical in (5). 
of But, it can be easily decided because one of the values of C,, often makes 


C,;’ negative which is absurd; and moreover, in the limiting case when 
C;,'-+0 the value of C,, shoud be that obtained by putting x, =C,,’. This 
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leaves us with only one correct value of C,3, the other being spurious, arising 
out of the arithmetical necessity of squaring the radical. Hence Cs, is deter- 
mined unambiguously. Thus for instance the values of C,. obtained by a 
similar procedure are + 1-194 and — 4-818, while the approximate value 
of C,. obtained by putting x, =C,,’ is 1-2. The value — 4-818 of €,, makes 
Cy,’ negative, which being absurd by itself, leaves the other value + 1-194 
as the correct one, very near to 1-2. 


In a similar manner, the other constants C,, and C,, can be determined 
from X,45X,; and X,45X, cuts. The relevant data for both are given 
below: 





1 


X,45X,-cut.— ) 
C,) = $C, +t, + Eat 
C4, +Ce~ 
sonata C4.) 

re 33— Cy) 
te 


Cs; =0. 


(6) 
X,45X,-cut.— 


ee 


Cyg’ = $ (Cy + Coo+ 2Ci2+ 4C gg) 
Ca’ =4 (Cy + Coo— 2C,2) 
Css’ = 4 (Cagt Cos) 

3a = 4 (Cap— Cy) 
Cos’ = Cas’ = 0. 





J 


In the actual experiment, precautions are taken to see that the crystal 
plates are not heated up during the work, since both of them are extremely 
heat sensitive. Sometimes more than one section of the same description 
have been worked to eliminate possible errors due to heating, etc. Tour- 
maline plates have been avoided as the heating is considerable with them. 
Ultrasonic frequencies up to 10 Mc/sec. are used. 


3. EXPERIMENTAL DATA AND RESULTS 


The experimental data obtained and the results calculated as indicated 
in the previous section are given below :— 
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TABLE I 


MgsO,, 7H,O. p = 1-687 gm./cm.* 











Unit : 10%! dynes/cm.” 
| 
+ ae Fundamental . : Value of 
|Plate No. Description Thickness frequency in a ee the 
in mm. cher. ibration onsta constant | 
" — - 
l X,-cut 1+585 2-028 (2) Ci 6-976 
1 do do 1-144 (t) Cee 2-219 
1 do do 1-179 (4) C55 2-358 
2 Xy-cut 1-64 1-708 (7) Cao 5-291 
3 do do 0-7688 (2) Ces 1-073 
2 do do 1-104 (t) Cee 2-211 
| 3 X,-cut 1-312 2-66 (2) c 8-219 
ft Oe do do 0-9605 () Cz5 1-072 | 
3 do do 1-405 } (2) Cg; 2-292 | 
4 X,45X_5 1-80 1-656 | (4) x] 5-998 
5 X245X», 1-72 1945 | (/) x/ 7+555 
6 Xe45X, | 1-74 1-885 (2) x 7-261 
| 


} 








(]) and (¢) in the above table denote the longitudinal and the transverse modes. 


ZnSO,, 7H.O. 


TABLE II 


= 1-974. gm./cm.® 

















Unit : 10" dynes/cm.* 
aad | 
| ‘ Fundamental : Value of 
Thickness : Mode of Effective | 
Plate No.| Description | -. frequency in . ‘ Ere the 
| in mm. Mc/sec. Vibration constant | « nse eA | 
oe ae enitusidlli ss cstenic tances nee - 
| | | | a i | 
| 1 X;-cut | 1-615 | 1-395 (2) Cea 4-002 | 
l do do | 0-9025 (2) C55 1-685 | 
1 do do 09423 (2) Coe 1-830 | 
2 Xo-cut 1-15 1-756 (2) on 3-221 | 
2 do | do 1-311 (2) Cee 1-795 
2 do do 0-726 (4) Cus 0-550 | 
3 Xg-cut 1-016 2-585 (/) Css 5 +446 
3 do do 0-749 (2) Ces 0-457 =| 
3 do do 1-45 (2) Ce 14! 
4 X,45X. 1-26 1-66 (7) x] 3-455 
| 5 Xo45X, 1-20 2-021 (/) r/ 4-646 | 
| 6 X245X, 1-365 1-694 (2) x/ 4-218 | 
i | ae 
TABLE III 
Unit ; 10!! dynes/cm.? 
. . leo d ’ | | 
| Salt Cu Cox Cs C4, C55 Ces Cio C43 Cog 
aoe IpReia es ng poy | | 
MgSO4, 7H.0 98 | 5 | 8-22 | 1-07 2-33 | 2-22 3-90 2-82 | 2-83 
| | | | 
ZnSO4,7H,O| 4-00 is 3+22 | 5-45 | 0-50 1-70 1-81 | 1-32 1-08 | 1-19 
} eat | | } 
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The values of the elastic constants obtained from the above data are given 
in Table III, corrected to two decimal places. 


The elastic moduli s,; are also calculated and are given below in units 
of 10-'3 cm?/dyne. 





TABLE IV 
— 
| | 
Salt S11 S22 533 S44 555 566 $12 S13 523 | 
| | 
| MgSO4-7 11,0 24-5 34+] 15°0 93+5 42-9 45-0 ~16-6 | —2-68 |—6-05 | 


| ZnSOq-7 HO) 29-5 | 37-7 20-4 = 200-0 58-8 55-3 = 10-8 | — 3-49 |- 6-10 | 
| 








The linear compressibilities 8,, 8., 8, and the volume compressibility 
B =B,+ 82+ B; are also calculated and given in the units of 10-!* cm.?/dyne. 
The linear compressibility B; is given by 


8, =Syt Sjot S33 











TABLE V 

| ae i | a | | 
Salt | fa Pe Bs | P=2Bi | 
| | 
| | 
MgSO4,7H,0 —..| 5-19 | 15 | 6-26 | 22-9 | 
ZnSO4. 7H,0 ..| 15-2 | 20-8 | 10-8 | 46-8 

| | 


7 se sacs an Se 





In the literature, no data concerning the two salts are available. 


The author expresses his grateful thanks to Prof. R. S. Krishnan for his 
kind interest and encouragement. He also thanks Miss C. Shantakumari 
for the loan of the crystals. 


4. SUMMARY 


The elastic constants of the orthorhombic crystals, magnesium and 
zinc sulphate heptahydrates have been determined by the ultrasonic method. 
The elastic moduli and the compressibilities for the same are also calculated. 
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Received November 19, 1949 


Tue absorption of different metal ions from aqueous solutions of their salts 
has been recognized by Witz! to be an outstanding property of oxycelluloses. 
He has also observed the absorption of organic cations from aqueous solu- 
tions of basic dyes such as Methylene Blue. 


In the case of purified cellulose and oxycelluloses this base exchange 
capacity can be explained as due to the carboxylic acid groups present and 
may be represented by the following equilibrium: 


R.COOH + M*s; R.COOM + Ht (1) 


A thorough study of base-exchange properties of cellulose has been 
made by Walker and Quell? and later by Davidson.* The latter has found 
that Methylene Blue ion has got the highest affinity and that silver cal- 
cium and barium ions come next. 


Though the base exchange reactions are easily reversed,” it is found that 
polyvalent ions are retained with greater tenacity than alkali metal ions. 


Perhaps the first attempt to estimate the acidic groups in cellulose has 
been made by Schwalbe and co-workers,‘ who tried direct titration with dilute 
caustic soda, as well as absorption of barium from barium hydroxide solu- 
tions, the figure being corrected for ash alkalinity. 


Instead of titrating the carboxylic acid groups in oxycellulose directly, 
Liidtke® suspends the oxycellulose in calcium acetate solution and titrates 
the acetic acid formed with dilute caustic soda using phenolphthalein as 
indicator. Liidtke’s method has been modified in different ways by sub- 
sequent investigators, by Heymann and Rabinov,® by Kenyon and co- 
workers,” ®® and by Davidson. 


First attempt to determine the acidic groups in cellulose by the conducto- 
metric method has been made by Schmidt and co-workers,” and later modified 
by Heymann and Rabinov.® 


Neale" gives sodium chloride preference over calcium acetate and 
estimates the acid liberated by addition of an excess of dilute alkali followed 
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by back titration with dilute acid using Bromo-Cresol-Purple as the indicator. 
Neale and Stringfellow’s method has been applied by Nabar, Scholefield 
and Turner'? to their studies of hypochlorite oxycelluloses. 


The observation of Witz! that oxycelluloses possess affinity for basic 
dyes has led to the development by Clibbens and co-workers'® of the Methy- 
lene Blue absorption method for the estimation of acidic groups in cellu- 
losic materials. | Weber™ has attempted to put this semiquantitative method 
on a quantitative basis. However, Davidson® has shown both by theoretical 
discussion and practical investigation that the above method is impracticable 
and has modified it in such a manner that stoichiometric results are obtained. 


The other important ion-exchange reaction which has been utilised for 
the determination of carboxylic acid content of cellulosic materials is that 
of absorption of silver ions from aqueous solutions of silver salts of weak 
acids. The method has been first proposed by Sookne and Harris," 
and later used by Harris and collaborators'® in their studies of hypoiodite 
oxidized hydrocelluloses and periodate-chlorite oxycelluloses. In a recent 
paper, Davidson® has studied the absorption of silver ions from aqueous 
solutions of various silver salts and has given silver meta-nitrophenolate 
preference over the o- and the p-isomers. 


Evolution of carbon dioxide on boiling oxycelluloses with dilute hydro- 
chloric acid has been first utilized by Heuser and Stockigt!”? to estimate 
the carboxylic acid content. Kenyon and coworkers” * ® have utilized this 
method in their studies of nitrogen dioxide oxycelluloses. Nevell,?® in a 
recent paper, has studied the rate of evolution and the total amount of 
carbon dioxide evolved in case of various oxycelluloses, and has shown 
that in case of dichromate oxycelluloses the carboxylic acid groups present 
are of the uronic acid type, while in the case of alkaline hypobromite oxy- 
celluloses about 40% of the carboxylic acid groups are of the uronic acid type. 
He has also shown'® that, Alginic acid is a polyuronide. 


From the foregoing it can be seen that the methods available at present 
for the determination of carboxylic acid content of cellulosic materials 
are five, viz., (1) Calcium acetate method; (2) Neale’s Alkali titration 
method; (3) Silver Nitrophenolate method; (4) Methylene Blue absorption 
method ; (5) Carbon dioxide evolution method. Of these the last mentioned 
only estimates the carboxyl in the 6-position,” ® * 17: 18 and therefore is not 
applicable as a general method. 


The first four methods have been critically examined and modified 
wherever necessary by Davidson® and a comparative study has been made 
on various oxycelluloses. He has also pointed out the limitations of these 
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four methods and has further stressed that, none of these can be used as a 
universal method for the determination of carboxyl in cellulose. 


It is thus evident that the various methods of carboxylic group deter- 
mination proposed so far suffer from various handicaps. Even the Methylene 
Blue absorption method developed by Davidson? is very elaborate and gives 
stoichiometric results only under strictly standardized conditions and it may 
not be feasible to carry out except in well-equipped laboratories. So it has 
been found necessary to develop a method which would be simple and at 
the same time give reproducible results within reasonable limits of accuracy. 
From this point of view the observation of Liidtke® that iodine is liberated 
on addition of potassium iodate and iodide to a suspension of an oxycellulose 
in sodium chloride seems to offer the best siarting point. The actual method 
as developed consists in suspending the cation-free cellulosic material in a 
solution of KI-KIO,-NaCl mixture, to which sodium thiosulphate is added 
to prevent the loss of iodine due to side reactions and vaporization, as also 
to facilitate the completion of the reaction by removal of the iodine liberated 
from the sphere of reaction. At the end of the requisite period the excess 
of thiosulphate is back-titrated with standard iodine solution. In the iodo- 
metric method, no alkali is employed and the whole of the reaction takes 
place!® at a pH of 7 to 7:3. 


The method has been compared with Neale and Stringellow’s Alkali 
titration method, and Davidson’s Methylene Blue absorption method* 
and is found to be free from the disadvantages of both the methods. Further 
this method seems to be applicable to most of the oxycelluloses. 


GENERAL DETAILS OF EXPERIMENTAL METHODS 


The material used for oxidation is carefully purified and bleached 18’s 
single yarn made from Indian cotton. The following oxycelluloses have have 
been prepared. Normally a material liquor ratio of 1: 50 has been maintained. 


1. Alkaline hypobromite oxycelluloses—The alkaline hypobromite 
(0:02 N NaOBr in 9-1 N NaOH) prepared according to the method described 
by Clibbens and Ridge®® has been used. The fall in concentration of 
hypobromite has been found out by estimation of an aliquot portion by the 
iodimetric method. When the requisite oxygen consumption is reached, 
the material is washed free from hypobromite, treated with dilute thiosulphate 
solution and washed. The material is rendered cation free by treating it 
with 0-5 N HCI for two hours followed by washing with distilled water till 
the pH of the wash water is the same as that of the distilled water. The 
material is dried at room temperature and stored carefully. 
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2. Periodate oxycelluloses—The oxycelluloses have been prepared 


by oxidizing cotton cellulose with 0-005M and 0-01 MHIO, solutions. 
The fall in concentration of the oxidizing agent is determined iodometrically, 
The oxycelluloses are washed with water and then rendered cation free and 
stored as mentioned previously. 


3. Periodate-chlorite oxvcelluloses—Periodate oxycelluloses prepared 
as above are treated with 0-1 M sodium chlorite in 0-5 M phosphoric 
acid overnight (18 hours) at room temperature (30°C.).2 The samples 
are then washed thoroughly and rendered cation free and stored. 


4. Dichromate-oxalic acid oxycelluloses—The material is suspended 
in 2 N oxalic acid solution and to this mixture with rapid stirring, the neces- 
sary volume of N dichromate solution and distilled water are added in one 
lot to give N/5 or 2 N/5 dichromate in N oxalic acid. The mixture is allowed 
to stand for five hours, then the material is washed, rendered cation free 
and stored. The oxycelluloses possess a remarkably white appearance and 
do not show the greenish tinge possessed by dichromate sulphuric acid 
oxycelluloses. 


5. Chromic acid-chlorite oxycelluloses—The chromic acid oxycellu- 
loses are oxidized with chlorite as mentioned under periodate-chlorite 
oxycelluloses. 


6. Nitrogen dioxide oxycellulose is prepared by oxidizing cotton 
cellulose with a carbon-tetrachloride solution of nitrogen dioxide. 


Determination of copper number.—In the case of low copper number, 
the copper number has been determined by Heyes’ micro method.” 


Modified Heyes’ method for highly oxidized celluloses—In this case 
the weight of the sample has been reduced to 0-1 g. and the volume of the 
Schwalbe-Brady solution increased to 100ml. Further, to compensate 
for the loss of cuprous oxide due to solubility, 10 ml. of 0-04% glucose solu- 
tion has been added to each 100 ml. of the solution. A blank determination 
is also carried out under the same conditions to determine the reducing power 
of 10 ml. of the glucose solution used. 


Determination of carboxyl content by Neale’s method™—1 g. or 0-5 g. 
of the cation-free cellulosic material is suspended in a mixture of 25 ml. of 
0:02 N caustic soda (CO,” free) and 25 ml. of 5% sodium chloride. At 
the end of the requisite period the excess of alkali is back titrated with 0:02 N 
hydrochloric acid using Bromo-Cresol-Purple indicator. 


Carboxyl content by Davidson’s Methylene Blue absorption method.2— 
These determinations have been carried out with a few samples of alkaline 
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hypobromite and periodate-chlorate oxycelluloses which give correct value 
for carboxyl content by Neale’s method due to their low copper number. 
The method of colorimetric estimation of Methylene Blue as described by 
Davidson using a Dubosc type colorimeter having been found to be un- 
suitable, the estimations have been carried out using a Klett Summerson 
Photoelectric colorimeter. 


EXPERIMENTAL RESULTS AND DISCUSSION 


It is well known that mineral acids react with a mixture of iodate and 
iodide with the liberation of iodine thus: 


6H* + 51° + 10j7-+3H,0 +31, ae 


With an organic acid, however, an equilibrium is reached, depending upon 
the hydrogen-ion concentration. 

Liidtke* has proposed and used this method for the estimation of carboxyl 
groups in cellulose and oxidized celluloses. In his original method, a solu- 
tion of iodate-iodide js added to a suspension of the cellulosic material 
in sodium chloride solution and the iodine liberated is titrated against thio- 
sulphate. The advantage of this method is seen in the absence of interfering 
colloidal phenomena which are present in the use of alkali. The method 
has only been seldom used, and Liidtke himself seems to prefer the calcium 
acetate method. 


As already mentioned the reaction as represented in equation (2) does 
not go to completion in the case of organic acids, and on the assumption 
that the carboxyl groups in cellulosic materials represent the organic acid 
an equilibrium will be attained thus: 


6H* +51-+10;53H,0 + 31, (3) 


From (3) it is evident that if the iodine liberated is removed from the 
sphere of reaction, the reaction will be forced to the right till all the carboxyl 
groups in the cellulosic material are neutralized. Further, if the free iodine 
is allowed to remain in contact with the cellulosic material, some of it may 
be utilized in oxidizing the cellulosic material. There is also the danger 
of loss of iodine vapour when iodine solutions are allowed to stand for con- 
siderable length of time. Further, it has been observed that during the 
direct titration of the iodine, the end point is very frequently overshot 
due to the strong retention of iodine and more especially the starch-iodine 
complex by the cellulosic material. 


Kolthoff’® claims that acids of dissociation constant upto 10-® may be 


determined by this method and that the pH at the end of the titration is 
A2 
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7 to 7:3. He has recommended?® that if the reaction with the acid is carried 
out in the presence of thiosulphate, completion of the reaction is reached 
in a very short time. 

After due consideration of the points mentioned above the following 
general procedure has been adopted for the development of the Iodimetric 
method for the estimation of carboxyl groups in cellulosic material. 

All the solutions are prepared using carbon dioxide-free distilled water 
and stored in such a way that they are protected from coming into contact 
with atmospheric carbon dioxide during storage as well as use, by means 
of soda-lime traps. 


The following solutions are required: 
(A) Sodium chloride Analar_.. - «a 


Potassium iodate C.P. ai i wn ae shoes 
Potassium Iodide C.P. . e . 0g 
Carbon dioxide free distilled water to 1 litre 

(B) 0:02 N Sodium thiosulphate 

(C) 0:02 N_ fodine 

(D) Starch solution os ee vee 


1g. or 0-5 g. of the air dry cation-free cellulosic material is accurately 
weighed and transferred to a 250ml. glass stoppered Pyrex Erlenmeyer 
flask and washed twice by decantation with carbon dioxide free distilled 
water. As much of the adherent water as possible is removed by pressing 
the material with flattened end of a clean glass rod. Then 25 ml. of (A) 
are delivered into the flask by means of an automatic burette. This is 
followed by addition of 25 ml. of 0-02 N thiosulphate and 25 ml. of carbon 
dioxide free distilled water. The flask is stoppered, gently shaken to ensure 
uniform mixing and the mixture is allowed to stand for the requisite time. 
At the end of the requisite period, the excess of thiosulphate is determined 
by back titration with 0-02 N iodine solution using starch solution as indi- 
cator. The mixture is kept agitated throughout the course of titration by 
passage of a current of carbon dioxide-free air. The end point is quite sharp 
and duplicate results are reproducible within 0-1 ml. of 0-02 N iodine solu- 
tion. A blank is carried out without using any cotton. 


Comparative study of the estimation of carboxyl groups in cellulosic 
materials by Neale’s method and Iodimetric method.—Carboxyl contents 
of the various oxycelluloses have been determined by Neale’s method"! 
and lodimetric method after the oxycelluloses have remained in contact 
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with the alkali and iodate-iodide-thiosulphate solution respectively, for 
periods varying from | to 32 hours. The results have been tabulated in 
Table I and represented graphically in the Figure. 


TABLE [I 


Comparative study of the estimation of carboxylic acid groups in cellulosic 
materials by (a) Iodimetric method and (b) Alkalimetry-Neale’s method 





| 


| 


| Carboxyl content milliequivalents per 100 g. 
aes... sceaascciiei sie 




















| | 
jtaken f | - 
- seeeiten aaa Iodimetric Method | Alkalimetry (Neale) 
| ton dae}. 
| (Time in hours) | | (Time in hours) 
| Sase te oe see oe 
| | ae 
——— : ee , =. 
1 | Bleached cellulose i £ 0-354] 0-829; 1-16) 1-21) 1-21) 0-98) .. oe 1-48 
2 | 1” Treated with chlor- 1 | 0-591] 1-06 | 1-42) 1-65) 1-77] 1-36) .. oo | Fees 
ous acid 
—_— | 
3 | Alkaline hypobromite 1 4-22 | 4-77 | 5-50; 5-27) 5-16) 4-93) ing 518) 5-18 


oxycellulose | 
4 | Periodate-chlorite oxy- 1 \11-50 {11°50 | 12-00) 12°00) 11-4 | 11-4 | 11-2 | 11-2 | 11°6 
cellulose 





5 | Dichromate- oxalic acid 0°5 6°47 | 7°05 7°82 7-87) 
oxycellulose | 

6 | “5” Treated with’chlor- 0-5 23-3 (24:3 25°6 25+6 | 25-7 24-4 | 24-4 | 24-4 | 244 

ous acid | | 


7°92) 8-58) 12°3 | 18-6 | 20-2 





7 | Nitrogen dioxide oxy- 0-5 14°7 {15-4 | 16-8 17-0 | 16-8 16-1 | 16-9 | 18-6 | 19-4 
cellulose | } 

8 | ‘7 Treated with peri- 0-5 (14°53 {14-9 16-4 | 16-5 | 16-3 | 49-6 | 59-9 | 63-3 | 65-0 
odic acid | | 





— 





} } | ‘pecpacgoaa 
9 | Periodic acid oxycellu- 0-5 | 0°72) 1+54 | 2-41) 2-29) 2-41| 30+1 | 34-1 | 39-3 | 41-6 
lose | | | 
10 | ‘9? Treated with chlor- 0-5 (42-9 |45-2 | 46-8 | 46-6 | 46-8 | 46-2 | 47-0 | 47-6 | 47-6 
} ous acid | 
| J , { 























In Table If are given the results of the determination of carboxyl 
content of various types of oxycellulose by Neale’s method""—time of contact 
1 hour—and by the [odimetric method as described earlier, time of contact 
being 24 hours. 


From Table Il it can be seen that the values of carboxyl content as 
determined by both methods agree within limits of experimental error in 
the case of oxycelluloses possessing low reducing power. In the case 
of oxycelluloses possessing high reducing power Neale’s method gives 
fictitious values, the deviations being much more in the case of periodic 
acid oxycelluloses as compared with dichromate-oxalic acid oxycelloses. 
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Fic. 1. Comparative study of Neale’s and Iodimetric methods of Estimation of 
—COOH in cellulosic material. Numbers against curves refer to Table I 


A few oxycelluloses have been analyzed for carboxyl content by 
Davidson’s Methylene Blue* absorption method and the results are tabulated 
in Table III, together with the values obtained by Neale’s method"! as well 
as the [odimetric method. 


From Table ILI the fair agreement between the various values obtained 
by all the three methods is quite evident in the case of periodate-chlorite and 
alkaline hypobromite oxycelluloses. With the dichromate oxalic acid oxy- 
celluloses, however, the Methylene Blue absorption gives values for carboxyl 
content which are higher than those obtained by Iodimetric method and 
lower than those obtained by Neale’s method. 


From the foregoing results it can be seen that the [odimetric method 
gives reproducible and reliable values for the carboxyl content of various 
types of oxycelluloses. While, as has already been observed by Davidson,’ 
and as shown also in Tables I and II, it is evident that Neale’s method gives 
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TABLE II 


Estimation of carboxyl content of cellulosic material by 
Todimetry and Alkalimetry 







































































Comparison of Todimetric method and Neale’s method with Davidson’s 


Methylene Blue absorption method 








Carboxyl content milliequival ents 
per 100 g. of cellulose 




















Material 
Methylene 
" _ | Alkalimetry | Blue 
lodimetry (Neale) | absorption 
(Davidson ) 
| 
Periodate-Chlorite 
Oxycélluloses 
I 12-0° 11+4 11-6 
Ill 8-63 8-46 8-36 
Alkaline Hypobromite 
Oxycelluloses 
Il 5-15 4-93 4-80 
Ifl 8-40 8-22 | 8-95 
Dichromate-oxalic acid 
Oxycelluloses 
I | 4-92 5-50 5-24 
Il . . . 











| | Carboxyl content milliequivalents per 100 g. 
| Weight 
ken f 
Material ote Copper __lodimetry Alkalimetry (Neale) 
| tion in | Number| (Time of contact (Time of contact 
g, | 24 hours) 1 hour) 
fy 4 | 2 | Mean | 1 | 2 Mean 
a ! 
Bleached cotton cellulose ] | 0-04 1-21} 1-21! 1-21) 0-98 0-98 0-98 
“1” Treated with chlorous acid l 0-04 1-60) 1-70: 1-65) 1-36; 1-36 1-36 
Alkaline hypobromite oxycellulose No. I I 0-299; 5-11] 5-21] 5-16) 4:93] 4-93] 4-98 
+4 ” ‘a No, II 1 0-32 | 5°46] 5-46) 5-46) 5-22] 5-42] 5-32 
” ” Pe No, III 1 0-25 | 8-35} 8-45) 8-40) 8-12] 8-32] 8-22 
Tee eee) 
Periodate-chlorite oxycellulose No. I 1 0-40 | 11-9 | 12-L | 12-0.) 11-4 11-4 11-4 
” 1 = No. II 1 0-35 | 7-01] 7-01] 7-01) 7-29) 7-29) 7-29 
ns m ie No. III 1 0°37 | 8-68} 8-58} 8-63) 8-46 | 8-46] 8-46 
| Dichromate-oxalic oxycellulose I 0-5 20-2 | 7-8 | 7°95) 7°87) 8-48 8-68 8-58 
| ‘5 Treated with chlorous acid 0-5 2-54 | 25-6 | 25-6 | 25-6 | 24-4 24°4 | 2464 
Dichromate-oxalic acid oxycellulese II 0-5 11-73 4°82) 5-02) 4-92) 5-40 5-60 | 6-40 
“17” Treated with chlorous acid 0-5 1-538 | 153 | 15-3 | 15-3 | 16-0 16-0 16-0 
| Periodic acid oxycellulose I 0-5 19-0 | 2-29) 2-29) 2-29; 30-1 30-1 30-1 
“9” Treated with chlorous acid 0-5 1-53 | 46-7 | 46-8 | 46-8 | 47-5 | 47-7 | 47-6 
19 | Periodic acid oxycellulose IT 0-5 10-2 2.66 2-66 2-66) 12-6 12-8 12-7 
“19” Treated with chlorous acid 0-5 1-02 | 25-31) 25-31) 25-31) 25-1 25-3 25-2 
| ! | 
TABLE IIT 
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fictitious values for the carboxyl content of reducing oxycelluloses. 
Davidson’s Methylene Blue absorption method suffers from the disadvantage 
that it has to be carried out under strictly standardised conditions and can- 
not be carried out except in a well-equipped laboratory. It suffers from the 
further disadvantage that due to the low concentrations of the Methylene 
Blue solutions employed for the deterniination, the weight of oxycellulose 
of high carboxyl content required for analysis becomes inconveniently small. 
Further the colorimetric estimation of Methylene Blue by visual colorimeters 
is a tedious process requiring long practice for accurate results. The method 
requires more or less the same time as the Iodimetric method. On the con- 
trary the Iodimetric method is simple and strightforward and does not re- 
quire any special equipment. Further, as the reaction throughout takes 
place’® at a pH of 7 to 7-3 no complications occur with alkali sensitive 





oxycelluloses. 
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INTRODUCTION 


THE niobates of the alkaline carth and other metals have been found to be 
insoluble materials. The several niobates of the alkaline earth metals, 
got by fusion of the metal carbonates or oxides with niobium pentoxide, 
were insoluble as also the niobates of zinc, magnesium and other heavy 
metals (Jander, 1931). Pierre Sue (1937) found that, the alkaline earth 
niobates, obtained as precipitates by the double decomposition of a salt of 
the metal with a soluble niobate, were impure and colloidal. Balke and 
Smith (1908) prepared the insoluble metaniobates of the alkaline earth, 
aluminium, magnesium, cadmium and other metals. Many of the niobates 
were prepared during the present work and were found to be insoluble and 
unreactive towards tartaric acid solutions. Hence the tartratoniobates of 
these metals were sought to be prepared in a different manner. 


EXPERIMENTAL 
Method of Preparation 


Since many of the niobates of the heavy metals were found to be 
unreactive towards tartaric acid, attempts were made to prepare the com- 
pounds by other methods. When a solution of 2-potassium-2-tartrato-2- 
niobate was treated with soluble salts of metals, characteristic precipitates 
were obtained as indicated below :— 


Potassium tartratoniobate Soln. + CaCl, Soln. — White ppt. 
” +s +Sr(NO;3). ,, > 5, 
- - + Ba(NO;), ,, — i 
‘ - + CuSO, », —>»Light green ppt. 
9» 9 + MeCl, », —» White ppt. 
99 » + ZnCl, — ~~ m 
- as + CdSO, > ”» 


38] 
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Potassium tartratoniobate Soln.+ Al, (SO,), Soln. —» White ppt. 


“ +- PbCl, » > 9 
" + Th(NOs), 5. — i 
- - + Cr(NO,).  ,,  —» Green ppt. 
ms + FeSO, ,, ~—» Dirty white ppt. 


on standing. 


-Co(SO,). .. —»Light orange ppt. 
on standing. 


In each case the precipitate was filtered and both the precipitate and 
the filtrate examined. The first case will serve as an illustration. In this 
case, the filtrate revealed the absence of both niobium and tartrate; the 
precipitate was found to contain calcium, niobium and tartrate. Hence it 
is possible that they exist together as a definite compound. The probability 
that the precipitate might be composed of a mixture of calcium niobate and 
calcium tartrate was eliminated by the following experiments: 


(i) The precipitate was extracted with hot water, in which it was slightly 
soluble, and the extract answered all the tests for calcium, niobium and 
tartrate; calcium niobate was insoluble in water. 


(ii) The precipitate was insoluble in cold acids, but dissolved to give 
clear solutions in hot concentrated hydrochloric acid. The solution precipi- 
tated niobic acid on dilution. Calcium niobate was insoluble in con- 
centrated acids. 


(iii) The precipitate was soluble in cold or hot dilute alkali hydroxides 
to clear solutions whereas calcium niobate was insoluble even in hot con- 
centrated alkali hydroxides. Therefore it can be concluded that the com- 
pound obtained is the tartratoniobate of calcium; and by similar reasoning 
it can be seen that the characteristic precipitates that are obtained are the 
tartratoniobates of the various metals. 


Calcium-2-tartrato-2-niobate 
The preparation of this compound was undertaken by the double 


decomposition of potassium tartratcniobate and calcium chloride or calcium 


acetate. K,O-Nb,0;.(C4H,O5).°10 HO was dissolved in warm water 


and a 10% soiution of calcium chloride added drop by drop with vigorous 
stirring. A white precipitate was formed which settled down quickly; the 
solution was cooled in ice, filtered, washed with ice-cold water and dried. 
The analysis presented several difficulties and the final procedure adopted 
was the following :— 
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Analysis 


(i) Niobium.—A weighed quantity of the finely ground substance 
(about 0:3 g.) was suspended in cold water (15 ml.) and about ten drops 
of a 10% solution of potassium hydroxide added; the substance dissolved 
to give a clear solution. A few more drops of the alkali hydroxide were 
added, the solution diluted (40 ml.), and heated to boiling when a turbidity 
appeared. The solution was treated with concentrated hydrochloric acid 
(1:5 ml.) when niobic acid was thrown down as a flocculent precipitate. 
The estimation was completed by filtering, washing, igniting and weighing 
it as Nb,O;. To ensure the absence of any insoluble substance in it, it was 
fused with potassium hydrogen sulphate, taken up in ammonium oxalate 
solution, reprecipitated and finally weighed as Nb,O;. 


(ii) Calcium.—From the acid filtrate obtained after the removal of 
niobic acid, calcium was precipitated as the oxalate and estimated by the 
volumetric method. 


(iii) Tartaric acid was determined by the potassium iodate method 
(vide Part II). 


(iv) H,O by difference. 


The following results were obtained :— 








TABLE | 
bee : 
Found Calculated for 
% CaO-NboOs: (C4H405) 2: 10H2O 
CaO ee 7-10 7-3l 
NbeOs ve 35-26 34:70 
Cath - 34°31 34-46 


HO ee 23-33 23-53 





Therefore the compound prepared can be formulated as CaO. Nb,O;. 
(C,H,O;)2°10 H,O and named as calcium-2-tartrato-2-niobate 10-hydrate. 


Strontium-2-tartrato-2-niobate 


The preparation of this compound was undertaken by the double 
decomposition of potassium tartratoniobate and strontium nitrate. A 
white precipitate was got, which after filtration and washing crumpled to 
a hard mass. It was finely ground in an agate mortar and analysed. The 
same procedure suggested for the calcium compound was used for the 
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determination of niobium, tartaric acid and water. Strontium was deter- 
mined as the sulphate. 





Results 
TABLE II 
| 
| Found Calculated for 
| % | SrO+ NbgQg: (C4H4O5)2*10H,O 
a a ae dete cece eee 
S10 | 12-28 | 12+70 
Nb,O, ..| 33-22 | 32-70 
C,H,0; a g1-99 | 32-45 
11.0 | 22-51 22-15 


| 


The strontium-2- maann Delite “nena corresponds to the formula 
SrO- Nb,O5-(C4H,4O5)2° 10 H,0. 


4- Barium-6-tartrato-6-niobate 


This barium compound was similarly prepared by the double decom- 
position of potassium tartratoniobate and barium nitrate. The white 
precipitate obtained crumpled to a hard mass and was powdered. The 
analysis was conducted on the same lines as in the previous cases, barium 
being estimated as the sulphate. 








Results 
TABLE III 

Found | Calculated for 

| % 5 ans 3Nb.0,: (C4H,O;)¢ 16H,0 
BaO - 24-60 24-64 
Nb, O, aa 31.91 32-02 
C,H4O; " 31-85 | 31-79 
H,0 i 11-64 | 11-56 


In view of the higher barium content of this poe the preparation 
was repeated several times and the analyses gave almost identical values: 
a thorough check up of the barium content was done and the values were 
unaltered. Therefore it is formulated as a basic salt having the composi- 
tion 4-BaO-3 Nb,O,;-(C,H,O5)g:16H,O and named as 4-barium-6-tartrato- 
6-niobate 16-hydrate. 


fh eh PAE ier 
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5-Lead-6-tartrato-6-niobate 


The lead compound was also prepared by the reaction of lead acetate 
on potassium tartratoniobate in aqueous solution; it was obtained as a 
white precipitate which was filt.red, washed with cold water, dried and 
analysed for lead, niobium, tartaric acid and water. The following results 
were obtained. 














TABLE [IV 
| Found Calculated for 
% 5PbO-3Nb.05+ (C4H,yO5)¢*20H,O 
PbO - 36-19 | 36-40 
Nb,Os on 25-90 | 26-02 
C4H40; aa 26-20 25-89 
H.O a 11.71 | 11.69 








This was also constituted as a basic salt of the composition 5PbO. 
3 Nb,O; (C,H,O;)g:20 HO. It canbe named as 5-lead-6-tartrato-6-niobate 
20-hydrate. 


Copper-2-tartrato-2-niobate 


The copper compound was obtained as a light green precipitate, when 
a solution of copper sulphate was added to a solution of potassium 
tartratoniobate. The precipitate on filtration and washing crumpled to a 
hard mass which was powdered and analysed for the various constituents, 
when the following results were obtained: 


TABLE V 





Found Calculated for 
% aia eneniibine 
° — 





| 

CuO ea 9-89 | 10-08 
} | 

Nb,O; “l 33-92 | 33-67 
| i 

C,H4Os od 38-20 33-45 
| | 


H,0 + 22-99 | 22-80 





The copper-2-tartrato-2-niobate 10-hydrate has therefore the formula 
Cud -Nb,O; (C,H 4Os)o : 10 H,O, 
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The dehydration of the alkaline earth metal compounds was conducted 


in the same way as in the previous cases (vide Part 1). 


out in the accompanying tables :— 
Dehydration in air 


(1) Calcium-2-tartrato-2-niobate 10-hydrate. 


The results are set 





TABLE VI 
Te on | H.0 lost Molecules of | Molecules of 
ee wee yA H,O Removed | H,O Retained 
50 5-97 9-45 7°58 
110 11-4] 4-86 jel4 
130 15-85 6-75 3°25 


(2) Strontium-2-tartrato-2-niobate 10-hydrate. 





TABLE VII 
re oc H.O lost Molecules of 
— , | HO Removed 
50 5+59 2-53 
110 | 10-44 | 4-72 
130 | 15-26 6-89 





(3) 4-Barium-6-tartrato-6-niobate 16-hydrate. 
TABLE VIII 
pare aan SOraCeenN 
T : | HO lost | Molecules of 
emp. C. oy 
50 3-01 4+16 
110 7:77 10-75 
130 10-61 14-68 


| 
| 


| 
| 


| 
| 
| 


Molecules of 
H.O Retained 


7+47 


Molecules of 


H.O Removed | H,O Retained 


11-8 
5. 


1-32 


It is found from the dehydration studies in air that greater number of 
earth metal salts than in 
to note that only in the 


moiecules of water is removed from the alkaline 
the alkali metal compounds and it is interesting 
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barium compound dehydration has taken place to such an extent as to leave 
behind only one molecule of water. 


The following salts were dehydrated in vacuum at 135°C. 


TABLE IX 
———“ ——--— 
‘Temp. °C | H»,O lost Molecules of | Molecules of 
Ps ’ H,O Removed | H,O Retained 
Ca Salt ..| 135 20-68 8-79 1-21 
| 
Se cs m 135 20-43 | 9-21 | 0-79 


me « -+| 135 | 4-40 | 15-78 | +22 

Thus it can be seen that these salts lose a greater number of molecules 

of water by dehydration in vacuum and in the barium salt the dehydration 
is almost complete leaving behind nearly an anhydrous product. 


DISCUSSION 


The tartratoniobates of the alkaline earth and other metals have been 
prepared by double decomposition of the potassium complex with a soluble 
salt of the metal. They can be considered to be salts of 2-tartrato-2-niobic 
acid (vide Part 1). 


The calcium, strontium and copper compounds are normal salts whereas 
those of barium and lead are found to be basic salts. Examples of basic 
salts among heteropoly compounds are numerous. It has been found that 
with an increase in the atomic weight of the cation, there is also an increase 
in the amount of water removed from the compound by dehydration. This 
can be illustrated by the alkaline earth metal salts, where the number of 
molecules of water removed is significant particularly in the barium salt. 
On the assumption that these compounds are salts of 2-tarirato-2-niobic 
acid, the following structures can be assigned to the various compounds: 


MO i Nb,O;° (C sH,05)2° 10 H,O. 


O 


M$ NI =. 
™ Len a 


where M ~Ca, Sr or Cu. 


The basic barium and lead salts may be assigned the following struc- 
tures :— 
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4 BaO-3 Nb,O;:(C,H,Os).: 16 HO. 


( O, _ =... 
3 Ba. {Hy [ Nb camtaoll. BaO-4 H,O. 


5 PbO -3 Nb,O;:(C4H,O5)6° 20 H,O. 


O, 


3Pb {Hy [Nb enti 


] | -2 PbO-8 H,O. 


SUMMARY 


The niobates of the alkaline earth and other metals are insoluble ana 
hence the tartratoniobates of these metals are prepared by double decom- 
position of soluble metal salts with potassium tartratoniobate. The cal- 
cium-2-tartrato-2-niobate 10-hydrate of the formula CaO-Nb,O;-(C,H,Os),° 
10H,O has been prepared and studied. The strontium tartratoniobate 
prepared has the formula SrO-Nb,0;:(C,H,O5).°10 H,O. A copper com- 
pound of the formula CuO: Nb,.O5:(C,H,O5)2°10 HzO has been prepared 
in a similar manner. 

The barium and lead tartratoniobate are also prepared by the above 
method of double decomposition but they are obtained as basic salts of the 
formule 4 BaO-3 Nb.O;°(C4H,405)5° 16 H,O and 5 Pb-O-3 Nb,O;:(C4H,Os),° 
20 H,O. It is significant that the dehydration of the barium salt gives a 
practically anhydrous compound. The calcium, strontium and copper 
compounds obtained are considered as the normal salts of the 2-tartrato-2- 
niobic acid whereas those of barium and lead are regarded as basic salts. 
Suitable heteropoly acid structures are assigned to these compounds. 
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PRASAD AND CO-WORKERS! have determined the average values of the magnetic 
susceptibilities of many cations such as Ca~, Sr, Ba, Mg~, Zn”, Hg (ous 
and ic) and Pb from the study of a large number of their salts of inorganic 
and organic acids. They have made a rather striking observation that the 
mean values of the susceptibilities of these cations obtained from salts of 
organic acids are higher than those obtained from salts of inorganic acids. 


Comparatively few systematic investigations have been made to deduce 
the susceptibility of silver ion. Kido? studied a few salts of silver and 
reported the ionic susceptibility of silver deduced therefrom to be 
— 26:2 x 10-*. Pascal’s value reported in the International Critical Tables is 
— 31:0 x 10-*, while Pauling* has reported another value (— 27:0 x 10-®) 
computed from Pascal’s data. All these values neither agree with one 
another nor is any one of them near the values calculated theoretically by 
the Slater’s or Angus’ methods (— 42:35 x 10-* and — 42-11 x 10-%), 
These discrepancies led the authors to measure the magnetic susceptibilities 
of a large number of silver salts and to determine reliable values of the 
susceptibility of silver ion in combination with organic and inorganic anions 
by using the methods of averages followed by Prasad and co-workers. 


EXPERIMENTAL AND RESULTS 


Twenty-one salts of silver, both of organic and inorganic acids, have 
been studied in the present investigation. All the salts, except silver nitrate, 
were prepared in a chemically pure state using extra-pure AgNO, (A. R. 
quality) as the starting substance. Since silver salts are sensitive to light, 
care was taken to see that they were not affected by light during the course 
of their preparation. For this purpose, all the operations were carried out 
in a dark room, illuminated by red light. All the salts were carefully ana- 
lysed for their silver content. Only those specimens which were found to 
be chemically pure were used for the measurements of the magnetic suscepti- 
bilities. 

The magnetic susceptibilities were measured on the modified form of 
Gouy’s balance, details of which have been described by Prasad, Dharmatti 
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and Gokhale.’ All measurements were made relative to a standard which 
was KCl (x, =— 0-516 x 10-*). All the necessary precautions such 

(1) placing the specimen tube always in the same position and in such a way 
that one end of it lay exactly at the centre of the field and the other end in a 
region where the field was negligible, (2) packing the substance as uniformly 
and as tightly as possible in the course of every filling, and (3) keeping the 
field constant by keeping a rigorous check on the current feeding the magnet, 
were taken at the time of measurements of the susceptibilities. In order to 









































TABLE LA 
. sah —— — Xm Xm computed 
Salt of silver Xa and Xm | other workers theoretically 
| 
| | | 
AgCl 0-34 | 50-19(2) | Agt + a 
, ~found 75-15% cn | 68°19 (S) 
\B theory 75-26% | 1985 94-64(4) | 64.97 (A) 
| —- | 
AgNO. 0-272 | Agt + NO.- 
Aq 7 found 69-74% | 41-86 | 70-5 (S) 
“® theory 69-81% | ‘ | | 68-7 (A) 
| 
AgNO, | 0+ 287 Agt + (NO3)~ 
(A.R.) | 48-74 | 48-5 (2) | 81-98 (S) 
| | 75-97 (A) 
' | | 
Agbr a | 0-328 | 61-97 (2) | Agt + Br~ 
— found 57°25% =| eo | ‘ 82-38 (S) 
AB theory 57-46% | S163 | 14-6 (4) | 99.76 (a) 
| — | 
| | 
Agl 0-369 | 87-08 (2) | Agt 
— found 45°77% | 2 ac : | 102-1 (S) 
® theory 45-96% | 96°62 — (4) | 97-43 (A) 
AgeS | 0-295 | | 2Agt + S-- 
\o ~ found 86-98% | 19.16 | 122-1 (S) 
8 — theory 87-19% | i | 116-8 (A) 
AgeCO; 0-293 | 80-5 (2) | 2Agt + (COg)-~ 
~ — found 78-09% | 80-89 | 124+3 (S) 
“8 — theory 78-23% | 7 | | 118-1 (A) 
AgeSO4 | 9-208 |S t0 (2) | 2Agt + (SO4)-~ 
_ found 69-11% | 92°87 138-7 (S) 
> —theory 69-18% | | 130-5 (A) 
AgeCrO, | 0-047 | 39-48 (5) | 2Agt + (CrO,)- - 
4 — found 64-79% | 15-49 | 142-8 (S) 
“8 — theory 65-04% | : | 134-4 (A) 
| 
Ago.SeO;, 0-300 =| 99-13 (1) 2Agt + (SeO,)” ~ 
, ~found 62-77% | 100-8 | 138+4 (S) 
& — theory 62:9 % | | 182-1 (A) 
AgsPO, | 0-286 és | 3Agt + (PO,)- - - 
— found 77-2% =| 119-7 181-1 (S) 


AB — theory 77°3% | 1726 (A) 








_— = \ aol ——_ 


ad 
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average the errors of packing, if any, measurements were made with three 
fillings of the same substance and an average of the three closely agreeing 
values of the susceptibility thus obtained was taken as the final value of the 
specific susceptibility. The results obtained for the susceptibility measurc- 
ments for the salts of (i) inorganic and (ii) organic acids are given in 
column 2 of the Tables I A and I B, respectively. In these tables, the observed 
values for specific susceptibility (x,) and the molecular susceptibility of the 
salt (x,,) are given one below the other. The values ofx,, observed by other 


TABLE [|B 





Salt of silver |, Xa and Xm 


|Authors’ values Xm computed theoretically 












































CH,COOAg | 0-372 Agt + (CII,COO)- 
Ag ~ found 64-56% | ets 70-88 (S) 
8 —theory 64-66% | so 70:62 (A) 
C,H,COOAg | 0-398 Agt + (C2HsCOO)- 
Ag ~ found 59-47% | 72-01 | 82-63 (S) 
8 — theory 59-67% | 7 82-37 (A) 
AgC,H,0, | 0-486 Agt + (C4H,0,)~ 
Ag ~found 55+17% nme | 94-38 (S) 
8 —theory 55 +38% ; 94-12 (A) 
AgC;H,02 0-422 | Agt + (CgH;COO)- 
Ag Benzoate ” (s) 
—found 47-06% — 108-3 (S 
NG enemy 47-172 os 108-0 (A) 
AgC7H;03 0-426 | Agt + [CgH,(OH)COO]~ 
Ag ~ found 43°81% 104+3 114-5 (S) 
& — theory 44-07% 111-1 (A) 
AgoCoV4 0-302 | 2Agt + (COO),-? 
Ag ~found 70-91% 91-87 112-5 (S) 
© —theory 71-04% | 111-9 (A) 
CH,(COOAg)» 0-315 2Agt+ + CH,(COO).-? 
\g found 67-72% 100-2 124-2 (S) 
“8 — theory 67-89% 123-7 (A) 
AgoC4H,O, 0-308 | 2Agt + (CH,COO).~2 
Ag ~ found 64-95% 102-1 136-0 (S) 
® —theory 64-03% | 185-4 (A) 
AgoC4H40g 0-348 | 2d4g+ + (CH.OH.COO),-2 
Ag ~found 59-07% 124+9 145-2 (S) 
—theory 59-3 % 144+6 (A) 
Ag3sCgH, O07 0-354 3Agt + (CH,.COO.C.OH. 
COO.CH,COoy3 
Ag ~found 63-89% 181-2 205+6 (S) 
8 — theory 64-15% | 204-9 (A) 








A3 
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workers for the salts of inorganic acids are given in column 3 of Table 
[A. Thesusceptibilitices of the silver salts of organic acids do not appear 
to have been measured by any previous workers and hence column 3 is drop- 
ped in Table I B. 


The molar susceptibilities of the salts were also calculated by adding 
up the susceptibility values of the cations and the anions according to the 
method followed by Angus and Farquharson.* The values are given in the 
last column of the tables and have been designated as (S) and (A) according 
as Slater’s or Angus’ values of ithe ions are used for these calculations. All 
the susceptibility values have been expressed in terms of — 1 x 10-®c.g.s. 
units. 


DISCUSSION OF THE RESULTS 


It will be seen from Table IA that the author’s values for some 
compounds agree with Kido’s data; the values of Sugden and Meyer are 
in most cases high. It will also be seen that the experimental values of the 
molecular susceptibilities are considerably lower than the values calculated 
according to Angus and Farquharson’s method in all cases, the difference 
between the two being much more in the case of the salts of inorganic acids 
than in the case of salts of organic acids. The theoretical values of the 
susceptibilities of ions correspond to those of free ions; bond effects are 
not taken into account while computing the molecular susceptibilities of salts 
of inorganic acids. The difference in the calculated and the observed values 
are so large that it is difficult to attribute them wholly to bond effects. The 
bond effects for atoms constituting the organic anions have, however, been 
taken into account in calculating the molecular susceptibilities of salts of 
organic acids, since Pascal’s values which have been used for these calcula- 
tions include them and even then, the calculated values are higher than the 
observed ones. This indicates that the theoretical values for the cations and 
anions used for these computations may not be quite applicable in these 
cases. 

IONIC SUSCEPTIBILITY OF SILVER ION 


For the calculation of the ionic susceptibility of silver ion by the method 
of Prasad and co-workers, various values of the anions reported in literature 
have been subtracted from the molecular susceptibilities of the silver salts 
and a mean of all the values thus obtained has been calculated from (i) salts 
of inorganic acids and (ii) those of organic acids. The values of the suscep- 
tibilities of the anions used for these calculations have been shown in Table II 
for ready reference. 








Magnetic Study of Some Silver Saits 393 


The mean values of the ionic susceptibility of silver deduced from the 
salts of (i) inorganic and (ii) organic acids are 29-13 and 31-75 respectively. 
The latter value is higher than the former; the difference between the two 
values has been found to be statistically significant. This conclusion is in 
agreement with the findings of Prasad and co-workers. 


s1elUl'wS 


se 


ae 


TABLE ILA 





Inorganic Anions 



































Anion | X Anion Anion X Anion 
NO,’ 1449 ET: (7) r 44-6 Pascal (I.C.T.) (7) 
20-1 Kido (2) 53-2 Kido (2) 
18-2 Pauling (3) 45-0 Sugden (4) 
18-1 Rao and Sriraman (8) 49-25 Ikenmeyer (13) 
18-4 Raychaudhari and Sengupta (9) | 502 Reicheneder (14) 
19-5 Rao and Sriraman (8) 49-5 Weiss (Hocart) (12) 
18-9 Trew (10) 60-5 Joos (11) 
18-0 Sugden (4) 48-6 Pauling (3) 
es 50-6 Trew (10) 
cr’ 01 1..T. (D 51-2 Leiterer (17) 
195 Joos (11) 49-8 Weiss (Pascal) (12a) 
23-1 Weiss (Hocart) (12) 50-8 , (Reicheneder) (124) 
20-4 Ikenmeyer (13) 55-7 Brindley and Hoare (15) 
21-9 Reicheneder (14) 50°6 a (15) 
23-1 Weiss (Pascal) (12a) 50-8 Veiel (18) 
25°3 Brindley (15) —_—-- 
24-0 oa (152) co,” 22-1 1.C.T. (7) 
20-0 Sugden (4) 28-1 Kido (2) 
22-1 Kido (2) 30-2 Pauling (3) 
23-1 Abonnenc (16) 29-5 Trew (10) 
24-2 Brindley and Hoare (lia) 
22-2 Leiterer (17) PO,” | 3-4 ECCT (7) 
21-8 Veiel (18) { 47-2 Kido (2) 
24-1 Pauling (3) 47+] Pauling (3) 
23-4 Trew (10) 
23-0 Weiss (Reicheneder) (126) NO,’ 8-0 Raoand Sriraman (8) 
11-4 0 (8 
Br’ 30-6 I.C.T. (7) 15-0 Kido (2) ) 
37°1 Kido (2) 14-1 Raychaudhari and Sengupta (9) 
34°8 Ikenmeyer (13) —_ — 
32-5 Reicheneder (14) CrO,” |— 21-86 Bhatnagar (5) 
34-7 Kido (2) —33-0 Trew (10) 
33-6 Weiss (Reicheneder) (126) |\— 35-2 » (10) 
31-0 Sugden (4) 
34-6 Pauling (3) SO,” | 33-6 I.C.T.(7) 
33-9 Weiss (Hocart) (12) 39-0 Kido (2) 
39-5 Joos (11) 41-6 Pauling (3) 
| 37°5 Brindley (15) 37-0 Sugden (4) 
| 34-5  ,, and Hoare (15a) | 40-1 Trew (10) 
34-6 Trew (10) 
33-0 Veiel (18) SeO;”| 475 Kido (2) 
31-4 Farquharson (19} 44-9 Rao and Sriraman (8) 
34-7 Weiss (Pascal) (12a) 5207 om (8) 
33-4 Leiterer (17) __— 
34-1 Flordal and Frivold (20) S” 166: 167. 
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TABLE II B 


Organic Anious 














Anion | X Anion | Anion | X Anion 

Acetate | 28-9 I.C.T. (7) | Benzoate | 67-6 Pascal’s coirected data 
| 32-0 Kido (2) | 66-1 Trew (10) 
| 31-4, (2) 
| 30-0 Hollens and Spencer (21) Malonate 39-8 Pascal’s corrected data 
| 30-0 Trew (10) 
| 29-8 Rao and Sriraman (8) | Salicylate | 74-4 I.C.T. (7) 
| 30-2 ” (8) | | 71+44 Pascal’s corrected data 
| 28-76 Pascal’s corrected data | 





——_ 




















| ——| Propionate} 40-62 Pascal’s corrected data 
Oxalate | 27-9 L.C.T.(7) | -—— 
| 28-5 Hollens and Spencer (21) | Butyrate | 52-48 Pascal’s corrected data 
27-94 Pascal’s corrected data neal 
| Citrate | $1-9 Pascal’s corrected data 
Succinate | 51°6 I.C.T. (7) | 
Tartrate 62°36 L.C.T. (7) 


| 

| 

| 
| 63-8 Pascal’s corrected data 
60-88 Trew (10) 





(a) A comparison of the diamagnetism of silver salts with that of 
Cuprous Salts 


It is well known that the elements belonging to the same group of the 
periodic table have similar physical and chemical properties. Magnetic 
susceptibility is a physical property depending upon the electronic structure 
of the atom. Hence it is reasonable to expect a similarity in the magnetic 
behaviour of the corresponding salts of elements belonging to the same 
group. Prasad and co-workers have shown that on plotting the x,, values 
of the corresponding salts of cations belonging to the same group or sub- 
group of the periodic table against XZ, the total nuclear charge in each com- 
pound, patterns are obtained which are strikingly similar for a particular 
group or sub-group of the cations. Thus, they have shown that the patterns 
obtained by plotting the values of yx,, of the corresponding salts of (i) Ca, 
Sr, Ba (ii) Mg, Zn, Cd and Hg are strikingly similar. Cu, Ag and Au belong 
to the same sub-group in the periodic table hence an attempt was made to 
examine the findings of Prasad and co-workers in the case of the compounds 
of these elements. Values for a few cuprous salts have been reported by 
Khanna.2? Sufficient data for the susceptibilities of gold salts is not available 
and therefore, a comparison of only cuprous and silver salts could be made. 
Hence the values of the molecular susceptibilities of the salts of Cu as reported 
by Khanna and those of the corresponding silver salts determined by the 
authors have been plotted against 2Z and the curves obtained are shown in 
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Fig. 1. It will be observed from he figure that even with the scanty data 
available for cuprous salts, the patterns obtained are quite similar. 
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* The Susceptibility of Silver Cyanide used in this graph has been obtained by Kido (2), 
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(6) Comparison of the magnetic behaviour of silver salts with alkali salts 


Since silver is included along with alkal' metals in Group I, an attempt 
has been made to ascertain how far the magnetic behaviour of the salts of 
silver is similar to that of the corresponding alkali salts. For this purpose, 
the values of X” for the corresponding salts of silver, sodium and potassium 
have been plotted against Z, and the pattern obtained in each case is shown 
in Fig. 2. 

The similarity of the patterns obtained for sodium and potassium 
salts is quite striking and substantiates the findings of Prasad and co-workers. 
Further, it will be noticed that the pattern for the alkali salts is not altogether 
dissimilar to that for the corresponding silver salts. This may be due to 
the fact that the alkali metals belong to one sub-group in Group I of the 
periodic table while silver is in the other sub-group. 


RELATION BETWEEN x,y, AND N 


Kido has observed a linear relation between the molecular suscepti- 
bilities (y,,) of alkali salts containing the same anion and the number of 
electrons (N) in the cations. Prasad and co-workers have confirmed this 
relation for many compounds of elements belonging to I and II groups of 
the periodic table and have developed it for the calculation of the suscepti- 
bilities of ions. 


The authors have attempted to examine this relation for the chlorides 
of Cu, Ag and Au. For this purpose, the molecular susceptibilities of CuCl 
and AuCl as reported by Khanna and Kido respectively (Column 1, Table 
lif) and that of AgCl observed by the authors have been plotted against 
the total number of electrons in the cations. The plotted points (Fig. 3) 
lie on a straight line which satisfies the equation 


— CN C,, 
where C, is the slope of the straight line and C, its intercept on the x,, axis. 


The slope of the straight line evidently signifies the contribution of the 
susceptibility per electron in the cation to the molecular susceptibility of 
the halide. The intercept, C, represents the susceptibility contribution 
when the number of electrons in the cation is zero. Since the susceptibility 
of an ion is, according to Langevin, a function of 2;* which will depend 


on the number of electrons in the ion, it will be zero, where N is zero. 
Further, since Xm = Xcation + Xanion (Pascal’s law), at the point in the 
straight line where it meets x, axis, that is, when N is zero, Xm Will be 
equal tO Xznio,, The intercept C, on the x,, axis would, thus, be the 
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TABLE III 
Compound Xm | Xcr’ X cation (graphical) X cation (statistical) 
—_$_$_——— = 
CuCl - 39-64 15-95 17-4 
AgCl “ 49-85 23+7 25-85 27-6 
AuCl ee 67-02 | 43°45 44°43 








susceptibility of the anion. It must be mentioned that the intercept has 
no physical significance, since it assumes that at that point the cation does 
not exist; actually, one cannot have two opposite ions isolated in this way. 
Even then, this method of interpreting the relation of x,, and N gives a 
method for determining the susceptibility of the anion. Knowing the 
susceptibility of the anion the susceptibility of the cations, Cu, Ag, Au in 
combination with the chloride ion can be calculated from the x,, — N rela- 
tion in two ways: (i) by subtracting the susceptibility of the anion from 
the molecular susceptibility of the corresponding salt, (ii) by multi- 
plying the slope of the straight line by the number of electrons in the cation. 
The values calculated by the second method are however more reliable as 
they are free from small experimental errors involved in the measurements 
of the experimental values of individual salts; these errors are obviously 
smoothened out in drawing the graphs. Values calculated for the suscepti- 
bilities of the chloride and for Cu, Ag and Au ions by the second method 
are given in the following table. The values of the cations have been com- 
pared with the average values obtained by subtracting all the known values 


of the susceptibility of the chloride ion from the molar susceptibilities of 
their chlorides. 


The agreement of the graphical value with the average values is quite 
satisfactory. The graphical value of the anion is also in quite good agree- 
ment with many of the reported values of the susceptibilities of the chloride 
ion (Table II). This shows that the method of evaluating the susceptibilities 
of ions from the x,,—N relation gives quite satisfactory results. This 
method could not, however, be used for all the salts of silver as the data 
for the susceptibilities of the corresponding salts of Cu and Au required 
for this purpose is not available. 


The graphical method has one advantage over other methods, namely, 
that it depends solely on the accuracy of the experimental values of the 
molar susceptibilities of the salts considered and does not depend on the 
use of values of ions reported in the literature which are often widely diver- 
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gent from each other (cf. Table Il). To avoid the difficulty of choosing 
any particular value as correct for determining the values of the suscepti- 
bilities of other ions, Prasad and co-workers used the method of averages 
for the determination of the susceptibilities of cations. Though this method 
appears to be an improvement, the graphical method seems to be better, 
since it does not involve any assumptions. 


IONIC RADIUS OF SILVER 


The ionic radius of Ag has been calculated from the mean values of 
ionic susceptibilities from salts of inorganic and organic acids, following the 
method adopted by Trew.*% These values have been compared with (i) those 
obtained by Davey, Wyckoff and Goldschmidt from the experimental 
data of crystal structure, (ii) that of Giinther Schulze from the molar volumes 
of permutites, (iii) that of Bragg deduced for atoms arranged in closest 
packing and (iv) with Pauling’s theoretical value (cf. Table IV). 


TABLE IV 
Tonic Radius (A°) 














Authors’ value | Values of other workers 
ae sai] es | | | Giinther 
Inorganic | Organic | Bragg | Wycoff Davey | Pauling |Goldschmidt) o'y 1). 
salts | salts | (24) | (24) (24) (24) | (24) | Co) 
Agt 1-55 | 1-62 | 1-77 | 1-65 | 1-18 | 1-28 | 1-13 1-78 
| | | 











It will be observed from Table IV that the values of the ionic radius 
deduced from the susceptibility measurements are higher than the values 
of Davey, Pauling and Goldschmidt and slightly lower than the values 
obtained by Bragg and Schulze. 
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INTRODUCTION 


ROcK specimens, from the famous sculptural monument of Borabudur, 
Central Java, collected by Mr. K. R. Sreenivasan, M.A., Superintendent 
of Archeology, Government of India, were given to one of us (C. M.) for 
examination and report. This paper embodies the results of the investiga- 
tions on the specimens carried out in the Geology Department of the Andhra 
University. 


Before going into the details of the investigations, and the interpreta- 
tions of the results therefrom, a brief description of the monument as 
supplied by Mr. K. R. Sreenivasan, is recorded below: 


‘The monument stands on the summit of a flat topped hillock with a 
central mound. This mound has been cut into terraces (apparently) of 
diminishing size from base to top and cased with massive stone masonry, 
acting as retaining walls and providing the space for architectural and sculp- 
tural embellishments. The walls are of very thick section. The lower 
terraces, including the ground plane on which a wide platform has been 
constructed, are square and five in number. The walls of the respective 
terraces are projected over the floor level of the immediately higher one to 
act as a balustrade, and thus the second, third, fourth and fifth terraces are 
really galleries, enclosed between a main wall! inside and balustrade outside. 
The sixth terrace (Stupa terrace) is square in its outward balustrade, but 
contains a large circular wall inside which is really a platform. On the edge 
of this circular platform are placed a row of 32 stupas, while its centre is 
occupied by a second circular platform, carrying a row of 24 stupas on the 
edge round a third circular platform which in turn carried 16 stupas on the 
edge, and a large central stupa crowning the whole monument. There are 
stairways on all the four sides situated in the middle of each side, 
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The inner wall of the ground plane (terrace I), and the walls enclosing 
the galleries which follow, contain the rows of narrative panels, while the 
balustrades carry on top a series of niche temples and Budha toranas. The 
circular terraces have undecorated walls, but the stupas on their edges have 
open-work domes (with rhomboid or square mesh-work in stone), reveal- 
ing the seated Budha inside. 


The walls are built out of well-cut and closely fitting blocks of stones 
without any cementing material at the joints. No selection has been made 
in the use of the stone, which is a volcanic rock. Vesicular, as well as non- 
vesicular, varieties have been used at random. The sculptures have been 
wrought after construction and a panel and indivudual figures in a panel 
cover more than one stone. This system of sculpturing obviously does not 
admit painting, but originally the entire surface seems to have been plastered 
over and the stucco over the sculptures perhaps appropriately painted. 
This, to a large extent, must have been preserving them. Perhaps, the core 
of the monument consists only of the disintegrated crown of the hillock 
(earthy overburden), with some artificial filling behind the walls, originally 
or during reconstruction of the upper circular terraces by Van Erp. The 
plaster is all gone; the monument is leaky and water sinks into it through 
its floors and walls, only to seep out through the joints and even through 
the vesicular stones. The floors of the galleries and the circular terraces 
are made of the same stone, in many cases vesicular. 


The monument with its fine sculptures has survived to the present day, 
the destructive action of weather and time, in spite of the defective material 
of which it is built.’ 

MATERIAL SUPPLIED 


The following materials of which most of them have been obtained 
from the monument and one picked up at the spot, were given by Mr. Sree- 
nivasan for investigation (Table I). 


METHODS OF STUDY 


From the description of the specimens in the above list, it may be seen 
that the material consists of three rock specimens from the monument, one 
specimen of salt from the saline encrustations on the walls of the monument, 
one specimen of limonitic yellow earthy material and one specimen of dark 
earthy powder, said to have been collected from the joints of the structural 
blocks of the walls and of the pavement respectively, and a specimen of 
pebble picked up from the floor of one of the galleries. All of these have 
been studied by physical and qualitative chemical methods and a few of 
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TABLE I 





—— oe fag Mg eho ey Megascopic description of the Specimens 





| 


1 | Black stone, fallen from the monu-| A black, light stone the blackness being due to a 
| ment. Material ‘lrachyte or | coating of lichen. On freshly broken surfaces it 
| Andesite. Black on exposed | has a greyish green colour with numerous pores 
| surface and porous nature of | some of which are filled or coated by brownish 

freshly broken surface. B'acken- | earthy material. On such broken surfaces it 
ning due to perhaps vegetation | appears granular on avcount of the presence of 
| numerous pores and also small crystals 








2 | Weathered porous stone chip It is arock of similar appearance as No. 1 witha 
| similar to No, 1 | black coating of lichen on the surface. However on 

| freshly broken surface, it appears to be less porous, 

more compact and tess granular than Specimen 
No, 1. No brown earthy material is present in 
the body of the specimen as in the case of 
Specimen No. 1. It shows no signs of weathering 
and is fresh and very hard. Small shining crystals 
can be recognised megascopically on freshly broken 























| 
| 
| surfaces 
3 Weathered stone chip from gal- | It is a greyish looking rock with a patch of lichen 
Nery No. 3 from a base of a | coating. It is porous like the other specimens 
panel | but decidedly not so porous as No. 1. It is more 
| compact and harder than No. 1, and shows no 
- | signs of weathering. The grain size is coarser 
| than those of No. 1] and No, 2, The dark minerals 
| are relatively less in amount with greater pro- 
| | portion of felspars. 

6 Clayey material from inside the | It looks like a earthy, yellowish ocherous material 
| open joints in the wall of the | containing pieces of stony matter more or less 
| gallery No. 1 | resembling the above specimens 

8 | Earth from beneath one of the | The material looks like a black powder formed from 
| pavement stones of the third | crumbling of rocks due to mechanical disintegra- 

gallery tion with slight amount of chemical alteration. 
Few pieces of rock fragments resembling the 
above rock specimens can still be identified in the 
powder. There are identifiable sand grains and bits 
of calcium carbonate 
| —_—— 
13 | Saline encrustations (efflores- | Material is white in colour, with small identifiable 
| cence) at joints in stone work | decomposed rock fragments 
| with pieces of stone from 
effected joints 
22 | Loose piece of stone not taken 


| | The specimen appears to be a rounded piece of 
| from the monument but picked | stone, namely a pebble, with a few patches of 
| atthe spot white encrustation, It has a greyish green colour 
| like the above rock specimens. [t is non-porous 
| andahard rock containing relatively big crystals 
| identifiable megascopically 





them have also been studied by microscopical and petrochemical methods. 
The results of these studies are recorded in Table II. 
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TABLE II 


Qualitative analyses of salts obtained by aqueous and dilute acid 
extracts of the materials themselves or of the encrustations on them 





Constituents identified in the extracts 





Specimen No. 
Aqueous extract at a tempe- 

rature of 100° C. over a Dilute acid extracts at 100° C. 
period of 48 hours 





Specimen No. 1) Carbonates and sulphates are | As moderately diluted acid attacks easily these 


Specimen No. 25 not detectable. Chlorides | basic rocks, very dilute acid (1:9) was em- 
Specimen No. 3 are present, mostly of alkali- | ployed for extraction of soluble salts over a 
metals and to a minor extent} period of l2 hours, Iron in fair abundance 
of calcium is detectable. Presence of calcium to a very 


minor extent is also noticeable 


Specimen No. 6. .. Chlorides are present, but no | Calcium salts are absent, but iron is present 

sul phates 
Specimen No. 8 .-. Chlorides are present to a| Carbonate of lime and salt of iron are detect- 
minor extent. Sulphates are able 





absent 
Specimen No. 13 ..| Neither chlorides nor sul- | Carbanate of lime is present to a large extent. 
phates are detectable Other salts such as sulphates and chlorides 
are absent, Irfh is present to a very minor 
extent 


White saline en: | Neither sulphates nor chlo- | Carbonate of lime is only the major constituent 
crustation on rides are present present, though the presence of iron is also 
surface of pebble detectable 

(Specimen No. 22) 








PHYSICAL CHARACTERS OF THE SPECIMENS 


The three specimens obtained from the monument are fairly light for 
rocks of their composition, the specific gravity being 2-7-2-78. The porosity 
of rocks is fairly high and was determined by method suggested by Fox 
(1935). The specimens for porosity determination were kept suspended 
by means of thin threads under a hydrostatic pressure of 40 Ibs. for 24 hours. 
The volumes of such water saturated specimens were determined by the 
displacement of water in a graduated jar. The volume of water absorbed into 
the pore space was determined by the difference in weight of the water- 
soaked specimen, and the same specimen after dehydration at 105°C. The 
percentage ratio of the volume of the water saturated sample (apparent 
volume) and the volume of water absorbed into the pore space gives the 
porosity in percentage for each of the specimens. 


The results of the porosity determination for the Borabudur specimens 
are given in Table III. 
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Sl. Specimen 
No. | 


1 | 


o ww 


Specimen No. 
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TABLE Ill 
——— 


Volume of water 
| absorbed into the pore |displaced by the saturated} 

space, or the total [specimen or the apparent | 
| volume of pore space | volume of the specimen 


| 


Volume of water 





| 
4-980 c.c. | 19 c.c. | 
| 

1-33 c.c. | 6 c.c. | 
| 1-06 c.c. 6 cc. 


Thus the porosity of the rock varies from about 17%-25%. 


TABLE IV 


Porosity (in percentage) of igneous rocks 





Percentage of pore 


space 


25-75% 
22-18% 
17-6 % 


In Table IV, a comparative statement of the porosity of these specimens 
from Borabudur with similar data for compact igneous rocks, such as 





Andesites 


Diorites | Basalts | Gabbros 
' 





ewnore 


at 


a 

















-_ 


e wh 


mm C2 ho 


= ho et 


Oe 


| 
| Traps 
| 
' 
° | | 
25-75 4-3 | 0-4 3°0 4-2 
22-18 | 0°5 5-5 
17-6 | 2-6 
5-52 
5 19-5 
| 26-0 
Description of the rock Locality Remarks 





| 
| 
| 


hill at Wadgon | 
| 


| Vitrophyric, Vesicular | Borabudur monument,; Supplied by Mr. K. R. 
andesite | Central Java | Sreenivasan 
do | > 
do | te) °o 
Quartz diorite | Pontresina, Switzerland | International critical 
| table of numerical data, 
| 1927 
Blue basalt | Lichtenau, Westphalia do 
Gabbro | Randauthal, Hanover do 
Basalt | Debus, Bohemia | do 
Dark hard trap rock | Harnani Pahad (Gulbarga) | C. Mahadevan, 1938 and 
| | L.S.K. Murthy (1938) 
Hard trap | Between Gulbarga and | do 
Martur 
Very compact fine-grained| Railway cutting Gulbarga— | do 
trap Martur 
Hard compact rock | Tuljapur section (Ghat) do 
Amygdaloidal compact | Devlali do 
trap, hardly exfoliating | 
Pumice-like stone from | Wadgaon (Osmanabad) | do 
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diorite, basalt, gabbro, as well as vesicular and amygdaloidal traps are 
given. 


The above table brings out the interesting fact that the rocks of the 
Borabudur monument are as porous as the vesicular rocks of Deccan Trap 
formation of South India. However, the great contrast between the poro- 
sity of compact non-vesicular igneous rocks of other places and rocks of 
more or less similar chemical composition from Borabudur and of South 
India, cannot be overlooked in the above table. 


PETROLOGICAL AND PETROCHEMICAL STUDIES 


With a view to find out the nature of these rocks and determine the 


alteration, if any, undergone by them, petrological and petrochemical work 
on specimens was undertaken. 


Megascopic Characters.—An examination of the rocks with hand-lens 
reveals the following :— 


They have a look of a greenish black volcanic rock. They are of vesi- 
cular nature, the vesicle being two mm, to hundredth of a millimetre in 
diameter. The vesicles are mostly of irregular shape. The three rocks 
from the monument and the other pebble picked up from one of the floors 
of the galleries show a megavitrophyric texture, well seen on polished surfaces. 


Microscopic characters.—Thin sections of the rocks show the follow- 
ing features under microscope. 


Texture—The rocks are of hemicrystalline nature. Some of the minerals 


are phanerocrystalline to micro-crystalline, the former being medium to fine- 
grained. 


These have an inequigranular vitrophyric texture indicating two 
phases of crystallisation—one which has given rise to the phenocrysts, and 
the other to the glassy ground mass. Euhedral crystals of plagioclase fel- 
spars, euhedral to subhedral crystals of augite, rarely hornblende and biotite, 
and orthoclase and anhedral magnetites form the phenocrysts in a grey to 
brownish-black glassy ground mass. 


A microsection of the pebble reveals similar mineral association and 
it is a compact and non-vesicular volcanic rock. 


MINERALOGY 


Felspars—The common felspars of the rocks are the intermediate 
plagioclases of the composition of andesine to labradorite. The plagio- 
clases often show strong zoning. They are idiomorphic with a tabular 
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habit and hold smail inclusions. A very slight alteration is noticed under 
ordinary transmitted light. But on the whole, the felspar is fresh. The 
only alkali felspar is the orthoclase variety, showing characteristic Carlsbad 
twinning. It forms a very minor accessory and it is not altered either. 


Augite—The augite occurs as well-formed light green crystals without 
appreciable pleochroism. Twin lamellation is not uncommon. Most of 
the crystals have one set of cleavages, whereas a few show two sets of cleavages, 
Small granules and specks of this mineral are found distributed in the ground- 
mass. They are mostly fresh and unaltered. 


Secondary Minerals.—Secondary minerals such as chlorite, epidote 


calcite, sericite, etc., formed by the chemical alteration of primaries are 
absent. 


Accessories.—Magnetite, a few rare crystals of hornblende, biotite 
and some transparent to translucent inclusions of uncertain nature, form 
the accessory constituents of the rock. The black magnetite, is present 
in large excess over all other accessories. Magnetite dust is found all over 
the groundmass. 


Glass of the groundmass.—The grey to brownish-black glassy ground- 
mass is translucent to opaque in transmitted light. All over its body, there 
are numerous dots and granules of augite and magnetite, and some unidenti- 
fiable transparent microlites. The glass at places shows slight alteration 
to palagonite. Empty, irregular patches, representing cross-sections of 
vesicles are seen. 


CHEMICAL CHARACTER 


From the preceding description of the texture and mineral composi- 
tion of the rocks, it will not be very difficult to identify them as andesites, the 
volcanic equivalents of diorites, i.e., intermediate igneous rocks. The speci- 
mens were chemically analysed and the results are presented in Table V 
along with comparative data. 


From a study of the chemical compositions it is easy to see the similarity 
between the chemical compositions of Borabudur rocks and typical ande- 
sites from other areas. The chemical compositions of the rocks of Borabudur 
do not, by themselves, reflect any chemical alteration of the rocks, as there 


is no indication of the presence of CO, from secondary calcite and higher 
content of H,O. 


A. F. C—DIAGRAM OF OSSAN FOR BORABUDUR ROCKS 


To know the place of the Borabudur rocks in the map of the principal 
rocks of earth, though they have been identified as andesites microscopically 
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and to a certain extent chemically, the Ossan values for them are plotted 
in the A F C—Triangle of Ossan’s system (Johannsen, 1939). It will be seen, 
from the above diagram (Fig. 1), that the Borabudur rocks are within the 
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Fic. 1. Position of Borabudur rocks and the principal igneous rock types in the 
A.F.C. triangle of Osann’s system @ 1 @ 2 Rocks from Borabudur, Java 


region of diorite, a plutonic equivalent of andesite. As such, it is quite 
reasonable to conclude that the Borabudur rocks are andesites according 
to Ossan’s delineation of world’s principal igneous rocks, without percep- 
tible alteration. 


2 alk-2 (al-alk)-(100-2al) DIAGRAM OF NIGGLI FOR BORABUDUR AND 
ALLIED ROCKS 


This diagram (Fig. 2) clearly illustrates the proportion in which the 
important minerals like normative alkali-felspars, normative anorthite, and 
normative melanocratic minerals represented by alk, (2al-alk), and (100-2a/) 
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Fic. 2. 2alk, 2 (al—alk), (100—2 al) Diagram for the Borabudur and allied rocks 


respectively, occur in the rocks. Predominance of plagioclase felspars over 
alkali-felspars can be seen from the figure, which is a common feature with 
the andesites. 


2 alk 


ae DIAGRAM FOR BORABUDUR AND ALLIED ROCKS 


The nature of the plagioclase is very useful in the identification of rocks 
rich in plagioclase felspars. The nature of these felspars can be determined 
optically as well as chemically. The chemical composition of the rocks 
and the Niggli diagram have been made use of here for knowing the nature 
of these felspars. From the diagram (Fig. 3) it will be seen that the pro- 
jected points fall in the andesine field, indicating thereby that the plagioclases 
of the rocks are of intermediate composition, ranging from andesine to 
labradorite. This is in accordance with the common observation that the 
andesites generally contain plagioclases falling within the above range. 


QLM; k—7; DiacrRams (FIGs. 4, 5) oF NIGGLI (1938) FoR Bora- 
BUDUR AND ALLIED ROCKS 


The igneous rocks of the world have been classified into large groups, 
each being characterised by the geographical distribution, nature of erup- 
tion and kind of earth movement with which the eruptions are associated. 
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The main groups are pacific for calc-alkalic kindreds associated with orogenic 
movements, Atlantic for alkalic kindreds associated with eperiogenic move- 
ments and lastly, Mediterranean. The Niggli diagrams help to fix any rock 
in the above classification by certain Niggli values. From the position 
of the projected points for the present set of rocks, it is seen that the rocks 
come under the calc-alkalic suite. This is quite in keeping with the common 
observation that andesitic lava is mainly erupted from volcanoes that exist 
on or near the mountain chains. 


The Borabudur rocks of Java perhaps represent, consolidated andesitic 
lava, poured from the volcanoes situated at or near the mountains, of the 
locality, which form a part of Alpine-Himalayan system. 


From the QLM diagram it is also evident that the Borabudur rocks 
lie well above the saturation line P.F. indicating thereby that the rocks contain 
no unsaturated minerals and capable of containing free silica in the form 
of quartz or in the occult state. This is in accordance with the results 
obtained by other means, such as from the normative composition, etc. 
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From these investigations it is shown that the specimens of Borabudur 
monument are classified as andesitic rocks with high porosity. The results 
do not show any great degree of decomposition or chemical alteration. 


DISCUSSION 


The problem which is of interest from a geological aspect in the studies 
of the Borabudur monument may be summarised as follows: 


(1) The nature and source of the structural material (Sp. Nos. 1, 2, 3) 
of the monument as is evident from the preceding studies. 


(2) The probable source and nature of the pebble (Sp. No. 22) picked 
up from the floor of one of the galleries. 


(3) The nature of material of the earth (Sp. No. 8) obtained from 
beneath the stone pavement of the third gallery and its probable source. 


(4) The identity and source of clayey material (Sp. No. 6) obtained 
from inside the joints in the wall of the gallery No. 1. 


(5) The identity and source of saline encrustations on the surface of 
the monument at the joints, of the structural blocks of the walls. 


From a microscopical examination of rocks and their chemical com- 
positions, it is evident that they are unaltered and undecomposed vesicular 
andesites with fairly high porosity. 


From a study of the chemical data represented on the well-known 
statistical diagrams of petrologists, it was found that the specimens represent 
rocks of andesitic nature belonging to pacific suite. As such it is safe to 
conclude that the specimens represent volcanic rocks probably obtained 
from the consolidated andesitic lava beds of the locality (Central Java). 


Specimen No. 22 which looks like a rounded and smooth pebble, picked 
up from the floor of one of the galleries, is found to be identical in mineral 
composition with those of the other specimens obtained from the monu- 
ment but without vesicles. The pebble had patches of white encrustation 
which on chemical examination is found to be carbonate of lime. As there 
is the probability of the builders having used lime mortar and rubble as 
a packing material between the terraced surface of the hillock and the rocky 
pavement constructed over it and as it is a common practice to use rubble 
consisting of sand and pebbles from river beds along with lime mortar for 
construction, it may be possible that the specimen No. 22 represents a pebble 
with lime coating dislodged from the packing material employed. On 
account of the fact that the pebbles of watercourses are generally those that 








414 C. Mahadevan and N. Sathapathi 


are derived from the most prevalent country rock, it may not be unlikely 
that it represents a water worn fragment derived from the andesitic rocks 
of the area. This reasoning, if properly assessed, perhaps may account for 
its identity with the structural material of the monument which are also 
obtained from the andesitic rocks of the area. The possibility of 
its being brought there, from elsewhere seems to be very remote. 


The specimen No. 8 which represents the earth obtained from beneath 
the pavement, shows the presence of fragments of calcium carbonate, 
sand grains along with dark powdery material appearng like mechanically 
disintegrated material of the rock of the pavement. It may be possible that 
it represents an incompletely leached out lime-mortar probably employed in 
the construction of the pavement, mixed with good amount of disintegrated 
and slightly altered material obtained from the under-surface or from the 
joint surfaces of the blocks of the pavement. 


The saline encrustation found at the joints on the surfaces of the walls 
is found to be mostly carbonate of lime, though it contains in part silicate 
of the same element. As the extracts from the rocks of the monument did 
not point out to the presence of carbonate of lime to any appreciable extent, 
it is not unlikely that the encrustations are deposits, formed by the evapora- 
tion of percolating water carrying salts of extraneous origin which seeps 
through the joints of the walls and through the pore spaces of the rocks of 
the monument. There is every chance for the downward percolating 
water from the summit of the monument to carry salts of lime in solution 
from the lime mortar packing or from the decomposed core of the monu- 
ment or from both. During the downward journey of the percolating water 
carrying lime in solution from the mortar or core of the monument can 
either flow on the terraced surface of the central mound to the ground water 
table or seep out in part through the joints of the walls and floors and the 
pores of the rocks. The solution, on drying, deposits the salts on the sur- 
face of rocks near the joints and pores. The absence of such encrustations 
near the joints of the blocks of the pavement, may be due to the difficulty 
of water carrying soluble salts, rising up through the vertical joints of the 
floor against gravity or due to less protection provided for the preserva- 
tion of such encrustation at the joints of the ground pavements. 


The clayey material obtained from the open joints on the monuments 
which is free from carbonate of lime, may represent either earthy filling 
behind the blocks or highly decomposed material from the core of the cen- 
tral mound itself, coming out through the joints wherever the lime-mortar 
packing between the hillock and the structural blocks, if it has been used, 
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has been leached out or it may be the ocherous plaster, applied on the archi- 
tectural surface of the monument by some archeologist (personal commu- 
nication from Mr. K. R. Sreenivasan), which might have filled the then 
existing gaps between the structural blocks, to give a uniform and smooth 
surface for taking photographs. Which of the possibilities is true is not 
easy to say with the present available data. 


From the foregoing discussions and studies, it is clear that there is not 
any indication that the rocks of the monument which are heavily sculptured 
and ornamented were either weathered or are weathering rapidly at the 
present time. The saline encrustations are quite foreign to the rocks of 
the monument and probably derived from the lime-mortar filling behind 
the blocks of rocks utilised in the construction of the monument or from 
the decomposed central mound. It can be safely asserted that neither the 
salts which occur as encrustations nor the earthy material found in the joints 
and elsewhere are derived from the alteration of the rock, out of which the 
monument is constructed. 


It is not intended to suggest restorative measures for the conservation 
and preservation of the monument as it is beyond the scope or province 
of our present work. The value of our investigation carried out on the speci- 
mens supplied to us, however, indicates clearly that the rocks of the monu- 
ment are neither weathered nor do they show signs of rapid weathering; 
they are however quite porous and absorb and transmit water during rains. 
The salts are derived from the weathered core of the mound or perhaps from 
the lime rubble in association with it and need not be taken as an alarm- 
ing indication of the decomposition of the monument. An appreciation 
of these facts may be helpful in taking the proper course of treatment for 
the preservation of the monument. 


In conclusion, we desire to place on record our thanks to Mr. K. R. 
Sreenivasan for giving us the material for study and the valuable and lucid 
notes of his field observations supplied to us. 
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EXPLANATION OF PLATE 


Specimen No. I.—Augite andesite. The vitrophyric texture, with phenocrysts of plagioclase 
Jaths, and prismatic and rounded grains of augite are clearly shown in photomicrograph. 
The andesite being a vesicular one, the vesicles are shown in the photomicrograph as 
irregular white patches in the black glassy ground mass. The zoning of the felspar and 
its slight alteration are also clearly seen. 


Specimen No. III.—Augite andesite. The two photomicrographs of the same section show 
the hignly zoned felspars with slight alteration in one, and well-developed augite crystals 
in another. Other features same as No. 1. 


Specimen No. 22.—Augite andesite. Mineralogically same as No. I and No. III but more 
compact and harder than No. I and No. IIL in hand specimen. The characteristic vetro- 
phyric texture and phenocrysts of plagioclase and augite laths are seen in the photo- 
micrograph. 
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Specimen I Porphyritic Andesite 


Proc. Ind. Acad. Sci., A, vol. XX XI, Pl. XIX 





Specimen 22. Porphyritic Andesite 





Specimen III, Porphyritic Andesite Specimen III. Porphyritic Andesite 
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DIFFRACTION OF LIGHT BY ULTRASONIC WAVES 


(Deduction of the Different Theories from the Generalised Theory 
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(Communicated by Sir C. V. Raman) 


1. . INTRODUCTION 


THE phenomenon of diffraction of light by ultrasonic waves, discovered 
simultaneously by Debye and Sears! in America and Lucas and Biquard? 
in France has been explained by various authors, e.g., Brillouin’, Rytov, 
Erwin David,> Extermann and Wannier,* Van Cittert?, Raman and 
Nath.’ ® © They have based their theories on the fundamental wave equa- 
tion, derived from Maxwell’s equations, governing the propagation of light 
through a quasi-homogeneous medium. 


Brillouin,* considering the case of slight obliquity, has confined his 
attention to the first order lines. The main assumptions made are (a) that 
the diffraction pattern contains only first order lines, (b) and that the central 
beam loses practically no part of the intensity due to diffraction. 


Rytov,‘ assuming the constancy of the central beam in the above sense, 
has considered diffraction lines of higher orders in addition to the first 
order lines. It may be mentioned here that the theory fails if the diffraction 
pattern contains several lines. 


Erwin David® has obtained similar results for the intensities of the first 
and second order lines, with the help of integrals. 


The original elementary theory put forward by Raman and Nath® is 
based on the assumption that the diffraction is due to the corrugated form 
of the emerging wave-front arising from the density fluctuations in the 
medium and can be calculated by considering the phase changes only, ignoring 
the amplitude changes. This theory is valid only when the ultrasonic 
frequency is low. Generally, the diffraction pattern contains many lines 
under such conditions. 


The three theories mentioned earlier are found to be successful only 
when the diffraction pattern contains lines of first and second order, 
whereas the elementary theory of Raman—Nath holds good when many 
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diffraction lines are present in the pattern. Therefore, in order to cover a 
greater range of frequency Raman and Nath put forward a generalised 
theory. This could be expected to contain the first three theories as special 
cases. Raman and Nath have obtained a difference differential equation, 
giving the amplitude of any diffraction line. Nath’ later solved this equation, 
and found a limited number of terms in the different expressions for inten- 
sities. These calculations have been pushed forward by the present author 
in another paper." The theory, though complete and exhaustive, involves 
cumbersome calculations and the expressions obtained for the intensities 
are non-converging. 


Extermann and Wannier® have solved the above-mentioned difference 
differential equation with the help of Hill’s equation to obtain numerical 
results, whereas Van Cittert’ has obtained the solution as a series involving 
Bessel’s functions. 


In order to avoid any confusion about the selection of the theory, it is 
better to confine ourselves to a generalised theory of which particular cases 
may be considered to suit different experimental conditions. As the gene- 
ralised theory of Raman and Nath has proved to be most successful, an 
attempt has been made to derive the different theories from it. Nath?2 
himself has obtained a closed expression for the intensity of the first order 
line, when the incidence is normal. In this paper, the intensities of the first 
and second order lines have been calculated and the results thus obtained 
have been compared with the old results given by Brillouin, Rytov and 
Erwin David. The validity of the results obtained by Rytov and Erwin 
David, has been discussed and the conditions imposed therein have been 
found out mathematically. 


2. EVALUATION OF THE INTENSITIES OF FIRST AND SECOND 
ORDER LINES 


Three different cases will be discussed below. Only the diffraction 
lines on the side favouring reflection will be considered. For diffraction 
lines on the other side of the zero order, similar analysis may be employed. 


Case I.—Intensities of the First Order Lines. 
Assumptions : 


(a) The central beam traverses the ultrasonic region without any loss 
or gain in the intensity. 


(b) The diffraction pattern does not contain lines of an order higher 
than one. 
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Following Nath’s” analysis, the amplitude of the nth order diffraction 
line, satisfies the difference differential equation. 


2° ar = Un + Prev =Cn bn (1) 


and the boundary conditions are 


ys, (0) =0 forn +0 \ , 

Jo (0) =1 lies 
Putting n =1 in (1), we get 

2» a — do + ta =e a 


where A = wave-length of light in vacuo 
A* = wave-length of sound in liquid 
fo = mean refractive index of the liquid. 


#4, = Maximum variation in the refractive index of the 
liquid. 


Z =distance traversed by light beam through ultra- 
sonic region. 


¢ =angle of incidence. 


_ 27° Z 

g = “tS 
2 

p by py - \*2 
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Cy = ip(n? + 2na). 


Now since the central beam is unaffected % =1 andas the 2nd order 
line is absent f, =0. 


Therefore 2°: ty _ 1 =cyh, 
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or 2 Wy _ Cw, = 1 
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which has for its solution 


l 
$, =A exp. (c, * €/2) — C 
1 


Boundary condition 4, =0 
when & =0 gives 
(2) 


1 
ty = fexp. (cy: €/2) — 1D 


or wb, =exp. (c, « €/4) {exp. (c, - €/4) — exp. (— ce, + &/4 Vey 
value of c,, we find 


Putting down the 
“ 
2a) p&/4 foxp, (i (1+2a) pé/4}—exp. {— i (1+ 2a) pé/4)] 


uh _ exp. {i(1 + 
_ io (1 + 2a) 


The intensity of the first order line is therefore given by T,.,2, where 


__ Sin {(1 + 22) pé/4} 
Ce ©) 
Using the notations of Erwin David, we find 
OF ic 9 ee 
ox a fo * f° A*2 eer ~~ Uo ° A*2 
@* Bamweus , , a cole 
= (A’ being the wavelength of light in the liquid 1’ = A/up») 


— ~)\ #2 


=X (because Z may be taken as the length of the cell as well). 


ade 
PT iy A? 





5 - sin {(a + 4) xo} 
Therefore T., = sh Xo! i 
This is the expression obtained by Erwin David for the intensity of the 


first order line. 
Again putting the values of p and é we find (3) reduces to 


a 8a t aa Ge +24)} (3b) 


i CT) 
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The same expression has been obtained by Brillouin and Rytov. Thus, 
it may be concluded that Brillouin’s theory is a particular case of the more 
general theory given by Raman and Nath. By making the assumption in 
this general theory, that the central beam is unaffected due to diffraction, 
the results of Brillouin can be deduced. 


Case II.—Intensity of the Second Order Line. 


Assumptions : 


(a) The intensity of the central beam, undergoes no change due to 
diffraction. 


(6) The diffraction lines of an order higher than two are not present 
in the pattern. 


(c) The value of %,, evaluated previously under the condition of the 
absence of the second order line, may be employed for further development. 


The differential equation involving ¥%, is therefore 


2» OP — dy ca” te (Since % =1;%, =0) (4) 
Hence 





dy, _ exp. (18/2) — 1 
2 dé Coie — C1 : 
This equation has for its solution 
_ 1 _ exp. (cré/2) 
fb. = A*, exp. (c, ° €/2) + nm ate— C,) 
Since %_ =O when £ =0. 


l 
al 
_s Ce (C2 — Cy)" 
Therefore 


ib. = exp. (C2" €/2) __ Cxp. (cy* €/2) 1 


“64-a << a-a aa (5) 





Putting down the values of c, and c, 


ee ae (sa (2 + 2a) pé} __ exp. {i(a + 4) pg} 
2p? L4(1 + a) (3+ 2a) (1 + 2a) (3 + 22) 


sesh 2t 


1 
+40 Fa 0+ mA (6) 
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Using Rytov notations, we find 


p& =2u 
p =i 
a =y(2. 


henge be {i (4 + 2y) u} _ exp. {i(1 + y) u} 
' 4+2y)G+y Gt+y(U1+y) 
+ scenic | (6a) 
(1 + y) (4 + 2y) 
= — h? - B,,(in the notation of Rytov). 
The intensity of the second order line is therefore given by T,,.2 where 
Tig =| A? + Bis | 


Hence the result obtained by Rytov is also a special case of the gene- 
ralised theory of Raman and Nath. 


Writing down the expressions in full 


— _ oe Te 
42 =a L16(1 + a)®- (3 + 2a)?" (1 + 2a)®- GB + 2ay? 








ee hg a 2008 (20 + 2) 8} 
16(1 + a)? + (1 + 2a)? * 16(1 + a)? : (3 + 2a) (1 4+ 2a) 
_ __ 2 cos{(a+ 4p = 2 cos: {(a + 3/2) pé} 
4(1 + 2a)**(3 + 2e)(1 +a) 4(1+2a)-(3 + 2a)? eral 
1 


a ses ee 
(1 + 2a)? + 16 (1 + a)? + (3 + 2a)? 
+ 2(3 + 2a) (1 + 2a) cos {(2a + 2) pe} 
— 8 (3 + 2a)(1 + a) cos {(a + 4) pg} 

— 8(1 + a)(1 + 2a) cos {(a + $) pc}]. 
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1 
= 256: pp! K [ (a + 1)? - [24 + 8 cos {(2a + 2) pg} 
— 16 + cos {(a + 4) p&} — 16 - cos {(a + §) pé}] 
— 8+ (a+ 1) [cos {(a + 4) pg} — cos {(a + §) ps3] 
+ 2+ [1 — cos {(2a + 2) pé}] ] 


where K =(a-+- 1)? - (a + $)? - (a + 4)?. 


Therefore 
l 
la 956 pK [ (a+ 1)? [16+ 16 cos? {(a+ 1) p&}—32 cos {(a+1) p} cos {pé/2} 
— 16 (a+ 1) sin {(a+ 1) pg} sin {p€/2} 
+ 4sin® + {(a+ 1) 8} | 
= gop g (Mat Dsin (a + 4) + 6/23 sin ((a + 4) p/211" 


+ } + [4° sin ((a+ 1) pg} — (a+ 1) sin (pé/2)}*) 
Using the notations of Erwin David, this may be written as 
Pd A ° ° P 
le=p (4 - (a+ 1) sin {(a+ 4) xo} sin {(a + $) x93]? 
+ vw [sin {(a+ 1) 2x9} — sin 9}]?* ) (6b) 
This expression is identical with that obtained by Erwin David. Thete- 


fore, the results of Erwin David and of Rytov, for the second-order lines, 
are nothing but special cases of the generalised theory of Raman-Nath under 


the conditions mentioned in the beginning. 
Case [1I.—Intensities of the first and second order lines. 


Assumptions : 
(a) The intensity of the central beam is unity. 


(b) Only the lines of first and second order are present in the diffraction 
pattern. 


AS 
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The differential equations involving %, and #, are 


. —Te : 
2 dé l bs = Cy (7) 
aby ole 
2 dé ify =e? bo (8) 


Here the boundary conditions at € =0, are 


f, =~, =90 
ab, 5, abe _ 
 s 2 > 


These equations can be solved simultaneously giving the values of 4, 
and yp. 


Eliminating %,, we have 


_@ : te 


4- <A 


— 2(c, + C9) a + (1 + €4C2) pf. = 1 (9) 


The auxiliary equation giving the complementary function is 
4m? — 2m ° (cy + Co) + (1 + Cyc.) =0. 
Therefore 


m =a ted + Ve, — &2)? — 4 


Now, if 4 be negligible as compared to 


(cy — C2)? (11) 


we find 


l 


The particular integral = Ee 


As | is negligible compared to c,c, due to (11), we have 


be = A* exp. (cyé/2) + B* exp. (cé/2) + ~! 
C1Ce 
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= dibs | : 
The boundary conditions 4, =0 = a hen ¢ =O give 


_ exp. (cg €/2) exp. (cy + €/2) d 
Pa = C2 (C2 — Cy) Cr(Co— Gy) Cree Os 
We find that (12) is identical with (5). Therefore, the restriction (c) 
in Case II, does not affect the expression for intensity of the 2nd order if 
condition (11) is applicable. 


Since (c, — cy)? = — p* + (3 + 2a)”, we find that condition (11) always 
holds good if p is large, i.e., either the sound intensity is low or the ultrasonic 
frequency is high. Under such conditions, the expression for the intensity 
of the second order line, as given by Rytov and Erwin David is always valid. 


In order to find the intensity of the first order line, when the second order 
is also present in the diffraction pattern, we eliminate ¥, in cquations (7) 
and (8) and find that is given by 


d? - di 
sl Get! — 2G C3) Bate ch = cs (13) 


This equation has for its solution 


Jy =M. exp. (6/2) + N exp. (66/2) pf 


neglecting 1 as compared to c,c,g and applying the boundary conditions 


a =4 and %, =0, when ¢ =0, we find 


] 
th = 5 (exp. (ex6/2) — 1 (14) 


Thus, we find that (14) is identical with (2). Hence, it follows that the 
results obtained by Erwin David and Rytov for the intensities of the Ist and 
2nd order lines are true if we accept condition (11). 


3. DISCUSSION 


It has been shown that the theories put forward by Brillouin, by Rytov 
and by Erwin David are special cases of the generalised theory of Raman 
and Nath. Since a band of research workers have proved the validity of the 
results of these authors, it can be definitely said that the Raman-Nath gene- 
ralised theory holds good even when the diffraction pattern contains lines of 
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lower orders only, which occurs either when the ultrasonic frequency is high 
or the sound intensity is low. 


For ultrasonic waves having comparatively low {frequency ¢,—0 the 
difference differential equation (1) reduces to 


2° = i Unt v Bret =) 


which has for its solution #, = J, (€), provided &, (0) = 0, n + 0 and ¥,(0)= 1. 
Therefore, at low frequencies, the generalised theory reduces to the elementary 
theory.* Further, since validity of this theory at low frequencies has been 
well established, it follows that the generalised theory is applicable at low 
frequency as well. Thus it has been proved that the generalised theory 
holds good at all frequencies and the other theories are particular cases of 
this ‘parent’ theory. 
CONCLUSION 


The closed expressions for the intensities of the first and second order 
lines have been calculated, on the basis of the generalised theory of Raman 
and Nath. The results are found identical with those obtained by Brillouin, 
Rytov and Erwin David. The conditions under which these results hold 
good have been discussed mathematically. The validity of the generalised 
theory at different frequencies has also been discussed. 


The author is thankful to Dr. S. Parthasarathy for his guidance and 
great interest in this work. 
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1. INTRODUCTION 


THE phenomenon of the scattering of light in crystalline media was first 
noticed with quartz (R.J. Strutt, 1919). That the observed effect was due 
to the thermal agitation of the atoms in the crystal was established by 
C. V. Raman (1922) who showed that the intensity of scattering in a per- 
fectly clear specimen of quartz was in agreement with that calculated using 
the well-known scattering formula of Einstein and Smoluchowski. This 
explanation was later confirmed by Landsberg, Mandelstamm and Leon- 
towitsch (1927) who studied the temperature dependence of the intensity 
of scattering in quartz. While examining the light scattered transversely 
by liquids with the aid of a high resolving power instrument soon after the 
discovery of the Raman effect, Gross (1930) reported the existence of a 
fine structure for the Rayleigh radiation, i.e., an undisplaced central line and 
two lines on either side with wave-lengths slightly different from that of the 
incident monochromatic radiation. He claimed to have observed a similar 
effect with crystalline quartz also. The appearance of the displaced 
components was first predicted by Brillouin (1922). On the basis of his 
theory, the observed displacements of frequency are regarded as Doppler 
effects arising from the reflections of the light wave by the progressive sound 
waves of thermal origin in the scattering medium. The frequency shifts of the 
displaced or the Brillouin components are given by the formula 


Av =+ 2v(e/c)usin 6/2, ... “é “a (1) 


where v is the velocity of sound in the medium, p its refractive index, c the 
velocity of light in vacuum and @ is the angle of scattering. In any given 
direction in a crystal, there are in general three distinct sets of sound waves, 
one of them being a longitudinal or compressional wave and the other two 
being transverse or torsional waves with the vibrations in two mutually 
perpendicular directions. As these waves travel with different velocities 
and if conditions are favourable, one might expect to observe six Doppler 
shifted components in the light scattered by a crystal, 
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That the effect contemplated by Brillouin does arise in crystals is now 
a well-established experimental fact. In this connection, references may be 
made to the work of Raman and Venkateswaran (1938) on gypsum, 
of Sibaiya (1938) on Rochelle salt and of Krishnan (1947) on diamond 
and alumina. But a detailed study of the phenomenon and its dependence 
on crystal orientation has so far been done only for diamond, whereas in 
the other cases, the effect has been recorded for one orientation only. The 
success achieved with diamond was mainly due to the use by Krishnan of 
the Rasetti technique for such studies. Even in the case of diamond, for 
want of a suitably cut plate of diamond of the ultra-violet transparent type, 
the investigations were incomplete. We have now undertaken a systematic 
investigation of the fine structure of the Rayleigh radiation and its dependence 
on crystal orientation in a large number of crystals. Using the ultra-violet 
excitation and a Hilger three-metre quartz spectrograph, we have success- 
fully recorded the Brillouin components in quartz (crystalline and amorphous), 
calcite, rock-salt, etc. In this paper the results obtained with crystalline 
quartz are presented.* 


2. EARLIER WORK ON QUARTZ 


Using 4 4358 radiation of mercury and a 30 step echelon spectroscope, 
Gross (1930) reported to have noticed a doubling of the Rayleigh radiation 
in quartz. He neither reproduced any photograph nor recorded any measure- 
ments. This was explained by him as due to the feebleness of the pattern 
and also due to the ambiguity arising from the appearance of different orders. 
In the first report, Gross (1932) mentioned as having observed four displaced 
components, two of the first order and two of the second order. In a later com- 
munication he (Gross, 1938) mentioned the following :—‘* Recent researches 
with crystalline quartz warrant the conclusion that the Rayleigh line of 
quartz appeared to have six modified components, i.e., three components on 
each side of the undisputed line.” 


Using the 2536-5 mercury resonance radiation and an aluminised 
Fabry Perot etalon, Krishnan (1945) photographed the Brillouin components 
due to the longitudinal sound waves in the light scattered backwards in quartz 
for three different orientations of the crystal. Due to the finite width of 
the exciting line and the fact that the thickness of the thinnest spacer 
for the etalon available was | mm., the positive and negative components 
from consecutive orders overlapped. It was, therefore, not possible to 
make accurate measurements. The observed features of the interference 
pattern for the different orientations was, however, qualitatively accounted for, 


* A preliminary report has already appeared in Nature, 1950, 165, 406. 
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3. EXPERIMENTAL TECHNIQUE 


Two specimens of quartz were used in the present investigation. One of 
them had its natural faces well developed, and was 14” long. Three mutually 
perpendicular faces were cut in the crystal. These faces were normal to the 
three crystallographic axes X, Y and Z respectively. Preliminary observations 
were made with this specimen. As it was of small size and as it had 
some inclusions, for quantitative studies a clearer specimen of Brazilian 
quartz from Sir C. V. Raman’s personal collection of minerals was used. 
The authors are grateful to Sir C. V. Raman for the loan of the specimen. 
The specimen was worked into a rectangular block of size (6:5 x 4:5 x 
3-5 cm.) with its parallel faces normal to the X; Y and Z axes. All the 
faces were well polished. 


The A2536-5 mercury resonance radiation emitted by a_ specially 
designed magnet-controlled water-cooled quartz arc was used as the source 
of radiation in the present study. For observing the transverse scattering, 
the rectangular block was placed over the arc with one of the axes parallel 
to the discharge. In the case of backward scattering, the light from the arc 
was allowed to fall on the crystal along one of its axes with the aid of a right- 
angled prism. The scattered light was focussed on the slit of a Hilger three- 
metre quartz spectrograph. This instrument has a dispersion of 13-8 wave- 
numbers per mm. in the A 2536 region and a resolving power of 300,000. 
In the case of most crystals, the separation of the Brillouin components for 
\2536:5 is of the order of + 22cm. Because of the high dispersion and 
large resolving power of the three-metre spectrograph, the displaced compo- 
nents in crystals could be recorded with this instrument clearly and well 
separated from one another. 


If the crystal under investigation is completely free from flaws and 
inclusions and if the optical arrangement is perfect, the scattered light should 
exhibit only the displaced components and not the incident radiation. The 
conditions mentioned above are seldom realised in practice and in any parti- 
cular case the scattered light may be mixed up with parasitic illumination. 
In the present investigation, therefore, a filter of mercury vapour maintained 
at room temperature was kept in the path of the scattered light. This filter 
effectively suppressed the unmodified resonance radiation from the scattered 
light, thus enabling the Brillouin components to be recorded on a clear: back- 
ground. With effective water-cooling, magnet control and continuous eva- 
cuation of the arc, the A 2536-5 line was emitted from the arc with an intensity 
So great as to enable the Brillouin components arising from it to be recorded 
satisfactorily with an exposure of six hours and a slit width of 0-0] mm, 
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Fic. 3 (@) Microphotometer record of a heavily exposed filtered mercury spectrum 
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A typical photograph is reproduced in Fig. 1(a). In this spectrogram the 
A 2534-8 Hg line is recorded with the same intensity as the displaced com- 
ponents, while the A 2576-3 Hg line is scarcely visible. 


It is well known that the resonance line is usually accompanied by wings 
of some sort on either side. The width and intensity of the wings are very 
much influenced by the conditions of running of the arc (Mitchell and 
Zemansky, 1934). In order to find out with what intensity the wings were 
present in the mercury spectrum under the special conditions of running 
mentioned in the last paragraph, a series of photographs of the spectrum of the 
direct arc was taken with varying exposures using the mercury filter at room 
temperature as in the scattering experiments. The photographs are repro- 
duced in Fig. 2. An enlarged print of a moderately exposed spectrum is repro- 
duced in Fig. | (6). In place of the resonance line, a sharp feeble line appears, 
being the unabsorbed part of the resonance line on the shorter wavelength side. 
This line has a width of the order of 0-2 cm.~! and its separation from the centre 
of A2536-5is 0-55cm."! It has an intensity less than 1/30th the intensity of 
A 2534-8. When the spectrum is considerably over-exposed, one observes the 
ghosts accompanying the A 2534-8 and also faint wings of the resonance line 
appearing asymmetrically situated on either side of the unabsorbed line of the 
resonance radiation. See also the microphotometer record reproduced in 
Fig. 3(a). It is interesting to note that while the ghosts appear as sharp lines, 
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G = ghost, W = wing 
(6) Microphotometer record of the scattered spectrum of quartz showing the 
Brillouin components, B.C. 








, — a> ao 2 











Thermal Scattering of Light in Crystals—I 431 


the faint wings of the resonance radiation are broad and diffuse. Moreover, 
the edge of either wing adjacent to the resonance radiation is most intense, 
the intensity gradually falling off as one moves away from the resonance 
line. This is a very important characteristic which differentiates the so-called 
wings from the real Brillouin components. By a comparison of Figs. 1 (a) 
and 1(b) in Plate XX, it would be obvious that with the exposures 
required to record the Brillouin components, neither the unabsorbed part 
of the resonance line nor its wings appear at all. They do not, therefore, 
vitiate the results obtained with reasonably good crystals like the specimen 
of quartz used in the present investigation. See Fig. 3 (b). 

It is a known fact that the absorption of mercury vapour is not confined 
to A2536°5 but extends though feebly but asymmetrically on either side, 
the absorption being greater on the longer wavelength side (Mitchell and 
Zemansky, 1934). Due to this effect, the Brillouin components may also 
be reduced in intensity to a small extent, but this reduction in intensity is 
more for the component on the longer wavelength side. The components 
are not therefore recorded with equal intensity. See Fig. 6 (d). 


4. RESULTS 


Figs. 1(a) and 1(b) in Plate XX, represent two photographs of 
the spectrum of the scattered light taken with the specimen No.2, while 
Fig. | (b) represents the comparison mercury spectrum taken under iden- 
tical conditions. While in Fig. 1 (a) the mercury line A2534-8 is just 
visible, the two Brillouin componenis are very clearly seen in the photograph. 
In the heavily exposed photograph of the scattered spectrum (Fig. 1 c) the 
important Raman line of quartz, i.e., 466cm.~' is just visible. It has an 
appreciable width. Unlike in the case of diamond (Krishnan, 1947), the 
Brillouin components in quartz are about ten times more intense than the 
principal Raman line. 


In order to investigate the dependence of the separation of the Brillouin 
components on the orientation of the crystal, the spectrograms of the scattered 
light were photographed for seven different orientations of the crystal, four 
for transverse scattering and three for backward scattering. In Fig. 4 of 
Plate XXI, are reproduced the photographs (enlarged twenty times) 
of the scattered spectra taken for four different orientations of the specimen 
of quartz with reference to the directions of incidence and observation. 
The direction of incidence is indicated by the first letter on the right-hand 
side of each photograph, while the second letter indicates the direction 
of observation. For example, ZZ represents backward scattering along 
the Z axis, XY represents transverse scattering in the XY plane, i.e., incident 
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along X axis and scattered along Y axis. Fig. 4 (a) is an enlarged photograph 
of the mercury spectrum which was heavily exposed in order to record 
the unabsorbed part of A 2536-5 and its wings. In this picture, the A 2534-8 
is considerably broadened due to overexposure. It is seen that only one 
pair of Brillouin components arising from the longitudinal sound waves 
appears in all the photographs, showing thereby that the components due 
to the transverse waves are of feeble intensity. This is in accordance with 
the theoretical calculations (Chandrasekharan, 1950). As is to be expected, the 
shift of the displaced components is different for different orientations. It 
is maximum for backward scaitering along the optic (Z) axis and minimum 
for transverse scattering in the XY plane. It may be remarked that 
the components appear broader for the transverse scattering [Figs. 4(b) 
and 4(d)j than for the backward scattering [Figs. 4(c)and4(e)]. This 
is due to the fact that the angle of scattering in the former case was less well 
defined than that in the latter case. 


The frequency shifts of the Brillouin components for the seven different 
orientations studied have been measured and entered in Table I. The last 
column contains the corresponding values of the shifts calculated using 
equation (1) and the known elastic constants of quartz. The agreement 


TABLE I 


Frequency Shift of Brillouin Components in the Light Scattered by Quartz 











No. Incident along | a | Scattering angle | —— | wee eee | 
l —Y Z 90° 1-90 1-8 
2 \ Z 90° 2-07 2-07 | 
Mi} xX Z 90 1-96 1-97 
+ X ¥ 90° 1-75 1-73 
5 X x 180° 2-36 2-38 
6 \ Y 180" 2-22 2-49 
7 Z Z 180° 2-51 2-64 


| 


between the calculated and observed vaiues is very satisfactory except for 
backward scattering along Y axis. For this case the difference cannot be 
accounted for as due to errors of measurement. It is interesting to note 
that in the Y Z plane, the sound velocity along the internal bisector of 
Y, Zis different from that along the internal bisector of —Y, Z. 
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5. TEMPERATURE DEPENDENCE 


According to the well-known theories, the intensity of the Brillouin 
components should increase with temperature. In order to verify this 
result in the case of quartz, the following experiment was carried out. A 
thin réctangular plate of crystal quartz of size 1” < 1” x }” with polished 
faces was used. The specimen was mounted inside a furnace similar to the 
ones used in this laboratory for Raman effect studies at high temperatures. 
The furnace was mounted horizontally just above the arc. Two photo- 
graphs were taken of the scattered light with the crystal maintained at 60° C. 
and at 375°C. respectively. Using a slit width of 0-025 mm. exposures of 
the order of 12 hours were given. The enlarged prints are reproduced in 
Fig. 5 in Plate XXI and the corresponding microphotometer records in 
Fig. 6. The increase in brightness of the Brillouin components as the 
temperature is increased is beautifully illustrated by Figs. 5 and 6. 
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Fic. 6. Microphotometer records of the scattered spectrum of quartz 
at two different temperatures 


6. Fist ORDER RAMAN SPECTRUM 


In Fig. 7 is reproduced the Raman spectrum of quartz taken with the 
three-metre spectrograph using a slit width of 0-035 mm. and an exposure 
of 7 days. Besides the two Brillouin shifts, 16 Raman lines were recorded 
in the scattered spectrum. Their positions and frequency shifts are marked 
in the figure. Of these, fourteen lines including two close doublets form the 
fundamental modes of oscillation of the unit cell of quartz (Krishnan, 1945). 
The new feature in the spectrum recorded with the high dispersion instrument 
is the appearance of a low frequency line at 26 cm! which has been recorded 
for the first time. This should be attributed to one of the super lattice 
frequencies of the quartz structure. The line at 452-2cm. can be seen 
clearly separated from the intense line at 466 cm.~!. It was not so in the case 
of the spectrum taken with the El quartz spectrograph (Krishnan, 1945), 
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Three most intense Raman lines, namely, 127-7, 206-4 and 466, exhibit 
appreciable width. The total width in cm.‘ of fourteen Raman lines as 
measured from the spectrogram are shown in brackets against the respective 
frequency shifts: 26 (10), 127-7 (10), 206-4 (40), 266-1 (6), 357-2 (6), 
394-8 (4), 403-8 (6), 452-2 (6), 466 (20), 696-4 (7), 794-7 (6), 805-8 (8), 
1063-7 (6) and 1159-3 (8). 


7. SUMMARY 


Using the A2536-5 mercury resonance radiation and a_ three-metre 
quartz spectrograph, the fine structure of the thermal scattering of light in 
crystalline quartz has been investigated. The scattered spectrum exhibits 
only one pair of Doppler-shifted or Brillouin components due to the longi- 
tudinal sound waves in the medium. The observed frequency shift is in 
good agreement with the value calculated from the known elastic constants 
of quartz. The dependence of the frequency shift of the Doppler components 
on the orientation of the crystal with reference to the directions of incidence 
and scattering has been quantitatively verified for seven different settings 
of the crystal. The temperature variations in intensity of the shifted compo- 
nents has also been investigated and is found to be in accordance with the 
theory of scattering. 


In the first order Raman spectrum, a new Raman line with a frequency 
shift of 26cm.-! has been recorded. 
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Fic. l. (a) and (c) the spectrum of the scattered Fic.7. First order Raman spec- 
light in quartz taken with the three metre spectro- trum of quartz taken with the three 
graph after absorption in mercury vapour metre spectrograph 

(b) comparison mercury spectrum after absorption 
in mercury vapour 
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Filtered mercury spectrum 


(b) to (ce) Scattered sPectrum of quartz for four different orientations 
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1. INTRODUCTION 


IN the first four parts of this series, the author (Krishnan, 1945, 1946) reported 
the results obtained from a systematic investigation of the Raman spectra 
of calcite, gypsum, quartz and barite using the 4 2536-5 mercury resonance 
radiation as exciter. This paper deals with the results obtained with arago- 
nite using the same technique. A brief review of the previous work on the 
Raman effect in aragonite is also given. 


The Raman spectrum of aragonite was investigated by Schefer, Matossi 
and Aderhold (1931), Bhagavantam (1931), Nisi (1932), Rasetti (1932) and 
more recently by Couture (1944, 1947). Among the earlier investigators, 
Rasetti who employed the ultra-violet excitation recorded ten Raman lines, 
Couture (1944), on the other hand, using the 4046 and 4358 radiations as 
exciter, succeeded in identifying seventeen Raman lines including twelve 
lattice or low frequency lines in the spectrum of aragonite. She studied 
also the effect of crystal orientation on the intensity and polarisation of the 
Raman lines. A more detailed reference will be made to her work later in 
the paper. 

2. EXPERIMENTAL DETAILS AND RESULTS 


The specimen of aragonite employed in the present investigation was 
obtained from Sir C. V. Raman’s personal collection of minerals. The 
author is grateful to Sir C. V. Raman for the loan of the specimen. It was 
a colourless crystal in the form of a rod of dimensions 2:0 x 0-5 x 0:5cm., 
the length being parallel to the c-axis. The crystal was mounted horizontally 
with its b-plane facing the most intense portion of a water-cooled magnet- 
controlled quartz arc. The light scattered along the c-axis, i.e., along the 
axis of the rod was focussed on the slit of a Hilger E1 quartz spectrograph. 
As usual, a filter of mercury vapour at room temperature was kept in the path 
of the scattered light. Using a slit width of 0-04 mm., exposures of the order 
of two days were given to get an intense spectrogram. The frequency shifts 
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of the lines were estimated by comparison with the superposed iron arc 
spectrum. The temperature of the crystal was 45° C. 


Fig. 1 (a) in Plate XXII, represents the Raman spectrum of aragonite 
taken with A 2536-5 excitation, while Fig. 1 (6) in the same plate represents 
a lightly exposed spectrum of calcite. The position and frequency shifts 
of the Raman lines other than those appearing in the lattice spectrum are 
marked in this figure. An enlarged photograph of the lattice spectrum 
showing the Stokes and anti-Stokes lines is reproduced in Fig. 2. The 
microphotometer record of the Raman spectrum of aragonite is shown in 
Fig. 3. Table I gives the frequency shifts of the Raman lines of aragonite. 


TABLE I 


Raman Spectrum of Aragonite 





] | 
| Author | Couture | Rasetti | 
ate —— Sees | 

| ] 105 (2) 

2 113-8 (7) 113 112-8 

3 142-7 (9) | 146 

4 153-3 (50; 154 | 154°5 

5 159-0 (4) 

6 179-9 (14) 183 180-1 

? 191-0 (10) 193 
8 207-1 (25) 208 | 207-1 
| 9g 216-3 (8) 216 

10 222 (1) 222 

11 249-1 (7) 250 246-9 
| 42 258-8 (4) 263 261-1 
| 3 273-0 (5) 276 

14 286-9 (3) 287 
| 15 702 = (15) 702-9 

16 705-3 (16) 707 
| 47 7164 (2) 

18 853-8 (3) 852-4 

19 {| 1058-5 (3) 

20 1086-0 (100) 1087-1 1084-9 

21 1413-2 (3) | 

22 1462 = (12) 1464-2 | 1460-2 

23 1466-1 

24 1574 | 

25 1816 

26 2163 





[he second column shows the results of the present author, the relative 
intensities (figures given in brackets) being for the case in which the incident 
unpolarised beam is perpendicular to the b-plane and the scattered light is 
parallel to the c-axis. The third and fourth columns give the results of 
Couture (1944) and Rasetti (1932) respectively. 


Besides confirming the appearance of 16 Raman lines reported by 
Couture, the author has identified nine additional lines. The photographs 
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reproduced here exhibit the Raman lines much more clearly than the one 
reproduced by Couture (1947). The doublet nature of the lines at about 
705cm.-! and 1465cm.-! was established by Couture from a careful study 
of the polarisation photographs. In the spectrogram taken by the author 
and reproduced in Fig. 1 (a), the first doublet is seen clearly separated. See 
also the microphotometer record (Fig. 3). The companion with the smaller 
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Fic. 3. Microphotemeter record of the Raman spectrum of aragonite taken 
with E 1 quartz spectrograph 

frequency shift (702 cm.-') is less intense than the other one. The second 
doublet reported by Couture is seen only as a single line. Even in a lightly 
exposed spectrogram taken with a finer slit, the line 1462-6 cm.! appeared 
as a single line. The appearance of a line at 852-4 cm.—! observed by Rasetti 
has been confirmed. The most striking feature of the spectrum of aragonite 
is the appearance of a large number of closely spaced but sharply defined 
lattice lines lying in the region of frequency shifts 100-300cm.-! See Fig. 2 
in Plate XXII. In the same region the spectrum of calcite exhibits only 
two lattice lines. The line at 2163 cm.—! is very faint and can be seen only 
with some difficulty in the reproduced photograph [Fig. | (a)]. 


3. DISCUSSION 


Aragonite crystallises in the orthorhombic system, the space group is 
V,'®. The unit cell contains four molecules of CaCO;. The lattice is ionic 
and is composed of 4CO,; ions and 4 metal ions. The group theoretical 
analysis of the vibration spectrum of the aragonite structure was carried 
out independently by Bhagavantam and Venkatarayudu (1939, 1948) and 
by Couture (1944). Their results indicate that the 57 fundamental vibra- 
tions of the atoms in the unit cell are distributed into 8 types: 4 types active 
in Raman effect only (A,,, By,, Bz,+ Bs,), 3 types active in infra-red only 
(B;,,, Bz, + Bs,) and 1 type inactive in both (A,,). 
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Internal Oscillations —The CO, ion in the free state has four distinct 
modes of oscillation v,, vz, vs, and vy of which the last two are doubly dege- 
nerate. Due to the lower symmetry of the aragonite crystal, the degenerate 
modes vz and v, split into four non-degenerate ones v3’, v3”, v4’ and v,” thus 
giving a total of six for each CO; group. When the crystal is taken as a whole, 
each of the six modes gives rise to four distinct ones, two of each set being 
active in Raman effect, i.e., according to the theory, one should expect to 
observe 12 internal frequencies in the Raman spectrum of aragonite. As 
the recorded spectrum exhibits only six Raman shifts due to the CO, ions, 
it can be concluded that the splitting due to the multiplicity of groups in 
the basis of the crystal is not of much consequence in aragonite. Table II 
gives the assignments of the internal frequencies observed in the spectra of 
aragonite and calcite. 

TABLE II 


Raman Frequencies of the CO, Ion in Wavenumbers 





Aragonite Calcite 
Wale |. ane — 
Author } Couture Author 
a — _ — | 
Vy . 1086-0 1087-1 1085-6 
v., . 853-3 inactive | 
Sg fh 1464-2 ) 
+ 1462-6 r 1435-8 
l J 1466-1 J 
V5 702 702-9 7} 
f 711-8 
V4 705-38 707 J 


The mode »v, which is inactive in Raman effect in the case of calcite 
appears as a line at 853-8 cm." with feeble intensity in the aragonite spec- 
trum. The corresponding mode appearing in the infra-red absorption 
spectrum of aragonite has a frequency of 866 cm. 


Lattice Oscillations——According to the group theoretical analysis of 
Bhagavantam (1941) and Couture (1947), of the 33 external oscillations, 
12 oscillations of the translatory type and 6 rotations of the CO, group are 
active in the Raman effect. Of the latter, two should appear with very great 
intensity, while three do not give any scattering moment and therefore 
unobservable. One should therefore expect to observe fifteen Raman 
shifts in the scattered spectrum. The recorded spectrum exhibits 14 lattice 
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lines of which the two most intense lines 153-3 and 207-1 cm.—! correspond 
to the rotations or tilting oscillations of the CO, groups about the Y-axis 
and X-axis respectively. In the case of calcite, these two rotatory oscilla- 
tions have the same frequency and appear as a single Raman line in the 
lattice spectrum with a frequency shift of 155-5cm.! The second lattice 
line (283-9 cm.-!) observed in the case of calcite is due to the translatory 
type of oscillation. 


Second Order Spectrum.—Beside the 6 Raman lines due to the internal 
oscillations of the CO, ion, the recorded spectrum of aragonite exhibits 
6 additional feeble lines in the region of high frequency shifts. They are 
listed in Table III. All of them are fairly sharp and belong to the second 
order Raman spectrum of aragonite. These have been recorded for the 
first time. Proper assignments have been given to lines appearing in the 
second order spectrum. The frequency of v, is taken as 866cm.—}, i.e., the 
value obtained from the infra-red data. The calculated frequency shifts 
given in the last column agree reasonably well with the observed values. 
The octave of v, even if present will not be detected in the spectrum taken 
with A 2536-5 excitation, as it would have fallen on the triplet ~A 2652. 


TABLE III 
Second Order Raman Spectrum 











Frequency shift | Assignment Frequency shift 
716-4 | vo — L (153) 713 
1058 +5 | ve + L (191) 1059 

| 1413-2 | Ts 1410-6 
1574 | Vo + v4” 1571-8 

| 1816 | Vy + 14” 1791-3 

21€3 | 27143 %3 + 4 2172 

| 2167-9 








L = lattice frequency 


The line at 716-4 cm. can be explained only as a differential (vy, — L). The 
corresponding summational has in all probability fallen on the mercury 
line A 2603-2. 


SUMMARY 


The Raman spectrum of aragonite crystal has been photographed 
using 4 2536-5 excitation. 25 Frequency shifts have been recorded as com- 
pared to 17 observed previously. They are distributed as follows: five due 
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to the internal oscillation of the CO, ion, fourteen due to lattice oscillation 
and six belonging to the second order spectrum. The latter have been 
assigned as some of the octaves and combinations of the fundamental 
frequencies of vibration of the aragonite structure. 
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Asparagus filicinus Buch.-Ham. ex D. Don. is an under-shrub occurring 
widely in tropical and temperate regions of the Himalayas (7,000 to 10,000 
ft. high) in the Punjab and Kashmir and extending upto Bhutan and Assam. 
The root of this plant, called Chirya musli or Nari musli, swells up like gum 
tragacanth, when its powder is treated with water. 


The fresh root is pliable and its bark can be readily peeled off. The 
debarked roots, when dried and powdered, gives an almost colourless 
material. However, when once the roots become dry, the bark becomes so 
firmly attached to the flesh that it is not easy to separate it. In this case 
the bark can be separated by powdering the entire root and passing through 
a 80-mesh sieve, when most of the fibrous matter will be retained by the 
sieve while fine powder passes through. The powder thus obtained is of 
a light yellow colour and can be decolourised further by soaking in absolute 
alcohol for a day or so and pressing out the solvent. 


A small amount of a yellow colouring matter is present in the bark, 
and it can be easily isolated by extraction with absolute alcohol. It gives a 
deep yellow colour in acid and a crimson red in alkali solutions. 


The root powder readily swells in water forming highly viscous colloidal 
solutions, far more viscous than those of starch, tamarind seed jellose, gum 
tragacanth or gum arabic of the same strength. In 2 per cent. solution it 
is 9 times more viscous than gum tragacanth and 27 times more so than 
tamarind seed jellose, while the viscosity of starch or gum arabic is almost 
negligible. 

In higher concentrations the viscosity of the solutions rises enormously ; 
for instance, the product obtained by the addition of 5g. of the powder to 
100 c.c. of water is a thick dough. Unlike other gums which take consi- 
derable time and heat for swelling, the Chirya musli powder swells almost 
immediately in water and forms a homogeneous paste on slight warming. 


Aqueous solutions of the powder, on drying, leave continuous, elastic 
and transparent films, a property which is very much valued in sizing. 
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Experiments in bulk-sizing indicate that the powder can be used in place 
of starch in warp-sizing, and in conjunction with tamarind seed kernel 
powder, it is reported to give satisfactory results. Both for stiff and glaze 


finishing it is found to be very good, possessing certain advantages even 
over starch. 


Experiments have also been conducted to examine the suitability of the 
powder in printing pastes, and the results show that it can be used as a print- 
ing base just like other gums both for acid and basic dyes. 


The main constituent of the root powder is an acid polysaccharide which 
swells up in water and forms slimy solutions on dilution. Hence it belongs 
to the class of plant mucilages. It is present in the roots to an extent of 
70 per cent. Besides this the roots contain glucose and fructose as free 
sugars, which can be extracted with 70 per cent. alcohol. The mucilage is 
isolated and purified by treating the root powder with water to form a thin 
colloidal solution, filtering through silk, centrifuging the filtrate, and pre- 
cipitating the mucilage with excess of acidified alcohol. 


On boiling with 12 per cent. hydrochloric acid, the mucilage liberates 
carbon dioxide corresponding to 4-76 per cent. of uronic anhydride 
(Dickson, Otterson and Link’s method). When refluxed with 5 per cent. 
sulphuric acid for 6 hours, it yields mannose, fructose, glucose and uronic 
acid. Quantitative estimation of the sugars has shown the mannose, glucose 
and fructose to be present in the ratio 5:4: 1. Mannose has been estimated 
according to the method of Bourquelot and Herissey by its conversion into 
the insoluble hydrazone,? while the total aldoses have been determined by 
the iodine-oxidation method of Willstatter and Schudel.* The difference 
between the total aldose content and that of mannose gives the amount of 
glucose, since these are the only two aldoses present. The balance of the 
sugars is obviously fructose. The specific rotation of the hydrolysate is 
in conformity with the relative proportion of the sugars. Since the uronic 
acid content is only 4-76 per cent. of the total sugars it appears that there 
is one uronic acid for every 20 sugar units. 


On account of the small proportion of uronic acid, its isolation for 
characterisation is a matter of some difficulty. However, from the products 
of hydrolysis, a small amount of the acid has been isolated as the barium 
salt. Its oxidation with nitric acid has not produced any mucic acid, 
indicating that it is not galacturonic acid. The barium salt has a specific 
rotation of +12-16° indicating that it might be the barium salt of glucuronic 
acid. 
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EXPERIMENTAL 
The Root Powder 


(a) From fresh roots.—For this experiment fresh roots were secured 
in the month of July from plants raised in the experimental garden attached 
to the Chemistry and Minor Forest Products Branch of the Forest Research 
Institute. They were washed well to remove any adhering dirt, and the outer 
bark was peeled off mechanically with a knife. The debarked roots (1 kg.) 
were taken, cut into halves lengthwise and then into small bits and dried in 
the sun, when they were reduced to 120g. losing 880g. of moisture during 
the course of four days. The dry material was ground to a fine powder in 
a pulverizer and passed through a 80-mesh sieve. The powder thus obtained 
(sample I) was light yellow in colour and the yield was 115 g. 


(b) From dry roots.—The roots were obtained from the Kagan Forest 
Division, Abbottabad. The dry roots (1 kg.) were ground to a fine powder ina 
pulverizer. The outer bark and the inner core had different degrees of 
hardness and hence underwent pulverization at different rates. When the core 
powder was sufficiently fine as to pass through a 80-mesh sieve, the bark 
was still in a crushed stage and most of it did not pass through the sieve. Thus 
an initial separation of the root bark and the core powder could be conveniently 
effected. The portion that passed through the 80-mesh sieve was about 
900 g. and was pale yellow in colour. This was soaked in absolute alcohol 
(4 1.) for two days and filtered under suction. The residue was washed 
with further quantities of absolute alcohol till the fitrate was no longer 
yellow or yellowish in colour. It was then dried in a flat basin in the labo- 
ratory itself. The final product (sample Il) was almost white with a pale 
yellowish tinge and the yield was a little less than 900g. The colour was 
examined under the Lovibond tinctometer against absolute white and was 
found to be 1-3 yellow and 0-8 red. It was an amorphous powder and had 
no definite melting point. The viscosity of a 1 per cent. solution was found to 
be 3,780 Engler’s seconds, and it increased so rapidly with concentration 
that a 5 per cent. solution was no longer fluid but a thick dough. 


The proximate analysis of the two samples was carried out according 
to the methods adopted by the Association of the Official Agricultural 
Chemists and those given in Allen’s Commercial Organic Analysis. For the 
estimation of free sugars extraction with water was not feasible, because 
the mucilage also would get into solution. So hot boiling 70 per cent. alcohol 
was used, since only sugars and not the mucilage would be soluble in alcohol 
of this concentration. The following results were obtained :— 
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Sample I | Ssmple II 





% % 
Moisture 13-90 15-4 
Colouring matter 0°30 ee 
Free sugars 2-18 ee 
Fat 1-17 1-2 
Carbohydrates (minus free sugars) 58-82 70-0 
Proteins 6-12 5-9 
Fibre 12-85 3:5 
Inorganic matter (by difference) 4-66 4-0 
Ash oe 3°90 3-9 


The ash contained Nat, K*, Cat*, Mg**+ and Fe*++* as the metallic 


radicals and CO;-~, SO,;-~ and O-~ as the acid radicals. Some silica 
was also present. 


Sample II was used for all further experiments except the isolation of 
the colouring matter. 


Isolation of the Colouring Matter 


The root powder containing the bark (1 kg.) was refluxed successively on 
two days with alcohol (4 1.) for 12 hours, when almost all the colouring matter 
went into solution, imparting a brownish yellow colour. From the com- 
bined extract, the solvent was distilled off, when a resinous, brownish yellow 
mass was left behind. When the laiter was treated with ether, only the 
colouring matter went into solution, which was recovered from the etherial 
extract by distilling off the solvent. Though yellow in colour, the solid was 
still sticky and resinous, and as a step for further purification, it was dissolved 
in 4 per cent. sodium hydroxide when a thick red solid appeared (sodium 
salt). It was filtered under suction and washed with small quantities of 
absolute alcohol and ether. The yield of the product was 3:0g. For the 
liberation of the colouring matter, the salt was dissolved in glacial acetic 
acid and kept in an ice-box for crystallisation. After two days, a brownish 
yellow solid separated out. The yield of the purified sample was 1-0 ¢g. 
The solid was not, however, crystalline under microscope and resisted all 
attempts at crystallisation from all solvents. It was freely soluble in alcohol, 
acetone, glacial acetic acid and sulphuric ether. It gave a deep red colora- 
tion with sodium hydroxide in alcoholic solution and a_ buff-coloured 
precipitate with ferric chloride. It readily dissolved in aqueous sodium 
hydroxide imparting a crimson red colour which changed to yellow when 
acidified by both organic as well as inorganic acids. The acid-alkali colour 
changes were quiie reversibic. 
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Free Sugars 


After the removal of the colouring matter with hot absolute alcohol 
the root powder (50 g.) was extracted in a soxlet with 70 per cent. alcohol 
for the isolation of the free sugars. After distilling off the alcohol, the resi- 
duary aqueous solution was clarified with alumina cream, made up to a known 
volume and analysed for the constituent sugars. It contained 2-18 per cent. 
of reducing sugars and had a specific rotation of —45-45°. It responded 
to Pinoff’s* and Seliwanoff’s® tests, indicating the presence of fructose. 
Further, when a portion of the solution was concentrated and treated with 
methyl phenyl! hydrazine in alcoholic solution and kept for 24 hours, the 
methyl phenyi fructosazone was obtained. The latter, when crystallised from 
hot benzene, separated as needle-shaped, orange-coloured crystals melting 
at 151°. Furthermore, when another portion of the concentrate was treated 
with diphenyl hydrazine in alcoholic solution, glucose diphenyl hydrazone 
was produced. The hydrazone crystallised from hot water as small colour- 
less prisms melting at 161°. Mixed melting point with an authentic sample 
was undepressed. No other sugars could be detected. Since only glucose 
and fructose were present, the specific rotation shows that the two sugars 
were approximately in the ratio of 1 :2. 


Isolation of the Mucilage 


The fibre-free sample of the root powder (50 g.) was treated with warm 
water (5 1.), when a moderately viscous colloidal solution was obtained. 
After the removal of the suspended impurities by filtration through fine silk 
and subsequent centrifuging, the filtrate was poured with stirring into 
alcohol (10 1.) containing 100c.c. of concentrated hydrochloric acid. The 
mucilage separated out as fine white flakes. A portion of it was dried 
and the ash content was found out. The rest of the mucilage was again 
dissolved in water and reprecipitated by alcohol containing hydrochloric 
acid. The process was repeated thrice and the ash content was deter- 
mined every time. The final product was dehydrated by trituration first with 
warm absolute alcohol (500c.c.) and then with 200c.c. of ether. The 
resultant pale white cream was finally dried in a vacuum desiccator. The 
yield was 32-5 g. On powdering it looked greyish white and was amorphous 
under microscope. On heating, it decomposed at about 200°. Its solution 
was faintly acidic and did not reduce Fehling’s solution either in the cold 
or on heating but gave a blue jelly-like precipitate. The moisture content 
of the mucilage was 15-01 per cent. The methoxyl content, as found out 
by Zeisel’s method, was negligible. (Found in a sample dehydrated at 105° C. 
in vacuum: C, 43°25, 43-59; H, 6:00, 6-54%.) 
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The mucilage swelled in water, giving rise to a thick mucilaginous solu- 
tion and was found to be insoluble in alcohol, acetone, glacial acetic acid, 
sulphuric ether, etc. The specific rotation was —12-4° at 20°. 


Estimation of Uronic Anhydride 


This was done according to the method of Dickson, Otterson and Link? 
by boiling 3g. of the purified mucilage with 100c.c. of 12 per cent. hydro- 
chloric acid of specific gravity 1-06 and estimating the evolved carbon dioxide 
by absorption in barium hydroxide of known strength (0:2N). The excess 
of barium hydroxide was determined by titration against standard hydro- 
chloric acid using phenolphthalein as indicator. The amount of carbon 
dioxide evolved, when multiplied by 4, gave the amount of uronic anhydride. 
Calculated on the basis of dry material the mucilage contained 4-76 per cent. 


Hydrolysis of the Mucilage 


The purified air-dried mucilage (5 g.) was boiled under reflux with 
200 c.c. of 5 per cent. sulphuric acid for 4 hours. The temperature was 
gradually raised to the boiling point to avoid any local heating and conse- 
quent charring. The resultant hydrolysate was brown in colour due to the 
presence of furfuraldehyde formed from the liberated uronic acid. At the 
end of the hydrolysis almost the whole of the substance was in solution except 
a small amount of fibrous matter. After cooling the contents were filtered 
through a tared filter-paper and the residue estimated by drying and weighing. 
The reducing sugars in the filtraie, including the uronic acid, were estimated 
as glucose according to the method of Allihn and were found to be 106°8 
per cent. on the basis of pure anhydrous material. The percentage would 
have been higher but for the inevitable decomposition of some portion 
of the uronic acid during boiling with sulphuric acid. With a view to mini- 
mizing, if not eliminating, the partial decomposition of the uronic acid, the 
hydrolysis was brought about by conducting the heating at the temperature 
of boiling water-bath (98°) for a long time (18 hours) and subsequently 
on a wire-gauze for 2 hours. The latter direct heating was to ensure the 
completion of the hydrolysis. Under these conditions the uronic acid did 
not seem to undergo any appreciable decomposition, and the mucilage yielded 
110-2 per cent. of reducing sugars expressed as glucose. 


For the characterisation of the individual sugars and the uronic acid, the 
latter was removed from the hydrolysate as follows :— 


The acid hydrolysate was neutralized in the hot with barium carbonate 
and allowed to stand. The precipitated barium sulphate was filtered and the 
filtrate concentrated to 100 c.c. under vacuum. On adding 300 ¢.c, of absolute 
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alcohol to the concentrate the barium salt of uronic acid was precipitated. 
This was filtered off and from the filtrate the alcohol was distilled off under 
reduced pressure. The residuary aqueous solution was directly filtered 
into a standard flask of 200 c.c. capacity, the volume made up and the solu- 
tion was examined both qualitatively and quantitatively for the consti- 
tuent sugars. 


Nature and Relative Proportion of the Sugars 


When a small part of the sugar solution obtained above was treated 
with phenylhydrazine and heated, glucosazone, melting at 205° and having 
the characteristic crystalline structure, was readily produced. However, 
when the treatment was done in well-cooled solutions, the colourless mannose 
phenyl hydrazone, m.p. 188°, was also obtained. The solution responded 
to Pinoff’s and Seliwanoff’s tests indicating the presence of fructose. This 
was confirmed by the formation of fructose methyl phenylosazone. It did 
not produce any mucic acid on oxidation with nitric acid, indicating the 
absence of galactose. Tests for pentoses were also negative. 


The total sugars were estimated in the sugar solution according to 
Allipn’s method. The total aldoses were determined according to the method 
of Willstatter and Schudel.* To an aliquot portion of the sugar solution 
containing approximately 100 mg. of sugar was added three times the volume 
of 0:1 .N iodine required for oxidation. With vigorous stirring 1-5 as 
much 0-1N_ sodium - hydroxide as iodine was then dropped into the 
mixture which was subsequently left aside for about 15 minutes. After the 
addition of sulphuric acid to slight acidity, the excess of iodine was titrated 
with 0-1 N thiosulphate solution. From the amount of iodine consumed 
the amount of the aldoses was calculated (1 c.c. of 0-1 N iodine = 9-00 mg. 
of hexose), and was found to be 89-8 per cent. of the total sugars. 


Mannose was estimated according to the method of Bourquelot and 
Herissey. The sugar solution was concentrated under reduced pressure 
so as to be about 6 per cent. After estimating the total sugars accurately, 
15 c.c. of the solution were treated with a solution of 1-2 c.c. of phenyl hydra- 
zine and 1:2c.c. of glacial acetic acid made up to 6c.c. with water and 
allowed to stand for 8 hours at a temperature not above 10°. The precipitat- 
ed hydrazone was filtered in a glass-sintered crucible, washed with 15 c.c. 
of ice-cold water and finally with 10c.c. of absolute alcohol and 10c.c. of 
ether. The hydrazone was dried at 100° for half an hour in a steam-oven 
and weighed. The amount of the hydrazone, when multiplied by 0-666, 
gave the amount of mannose. The latter was found to be 49-5 per cent, 
of the sugars. 
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Relative Proportion of the Sugars and the Uronic Acid 


As already observed the total aldoses amounted to nearly 90 per cent. 
of the total sugars in the products of hydrolysis of the mucilage so that the 
ketose, namely, fructose would come to 10 per cent. The mannose formed 
about 50 per cent. of the total sugars and so glucose would amount to 40 per cent. 
Therefore, fructose, glucose and mannose were in the ratio of 1: 4:5, and 
this was confirmed by the specific rotation, [a]p”°, of the sugar solution, which 
was found to be +19-0°. A mixture containing 5 molecules of mannose, 
4 of glucose and 1 of fructose requires the specific rotation to be +18-96°. 
Further, the mucilage contained 4-76 per cent. of uronic acid. Hence it 
appears as though there is one molecule of uronic acid present for every 
20 molecules of the sugars. The composition of the mucilage may, therefore, 
be tentatively represented as 1 molecule of uronic acid, 2 of fructose, 8 of 
glucose and 10 of mannose. 


Nature of the Uronic Acid 


The barium salt of the uronic acid isolated from the products of hydro- 
lysis of the mucilage was purified by dissolution in water and reprecipitation 
by means of alcohol. The salt readily dissolved, when freshly precipitated, 
but on drying it assumed a horny structure and became much less soluble. 
It contained 25-2 per cent. of barium, barium uronate requiring 26-4 per cent. 
of the metal. Its specific rotation at 20° was +12-16° while that of barium 
glucuronate is reported to be +15-0° at 19°.6 The barium salt now isolated 
might, therefore, be barium glucuronate, of course in an impure state. On 
oxidation with nitric acid, it did not produce any mucic acid, indicating that 
it was not derived from galacturonic acid. 


Experiments on Sizing, Finishing, etc. 


These were conducted at our request at the David and Edward Textile 
Mills of E. D. Sassoon & Co., Ltd., Bombay, to whom our thanks are due. 
The fibre-free root powder was tried in bulk-sizing in combination with 
tamarind seed powder and was found to give good results. 


Experiments on finishing indicated that a 14 per cent. solution gave 
good stiffness. 


In calico-printing too a 4 per cent. solution of the substance was reported 
to be satisfactory for use as a base. 


SUMMARY 


The roots of Asparagus filicinus contain a mucilage to an extent of 60 
per cent, The latter is composed of a uronic acid, fructose, glucose and 
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mannose, which are in the ratio of 1:2:8:10. The uronic acid seems to 
be glucuronic acid. 


The fibre-free root powder was found to give satisfactory results in bulk- 
sizing and finishing in the textile industry. It was also found to be satis- 
factory as a base in calico-printing. 
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1. INTRODUCTION 


It is well known that isotropic substances like glasses possess only two 
elastic constants C,, and C,, which are related to the Young’s modulus, 
the modulus of rigidity and the Poisson’s ratio by the following relations: 
Ci — Cis Cy —C C 
T =~...) 2C,2), 2 = —4 38,0 =,” 
Ci + Cis (Cu + 12) 2 . Cy + Che 
Again these substances have only two Pockels’ elasto-optic constants py, 


and p,, which are related to the corresponding piezo-optic constants gq), 
and qj, by the relations, 


Pu = Cr Grr + 2Cye G2 
and Pro =Car Gre + Cre (Gia + 912) 


On historical grounds and for conformity with the numerical observations 
of Neumann (1841), it is usual to use, not the parameters p,; and P,,. but the 
quantities p and q, where p =4u py. and q =4pypy pw being the refractive 
index. 


While Filon and Jessop (1924), Adams and Williamson (1920) and others 
determined the values of (p — q) for a number of glasses, Bergmann and 
Fues (1936) measured p/q for a set of five entirely different glasses. The 
only known measurements of the absolute values of p and g are those of 
Pockels (1902) who determined them for seven optical glasses. 


We have in this Laboratory a series of 18 optical glasses, which are of 
special interest as some of their physical properties have been studied. The 
object of the present investigation is therefore to determine the elastic and 
photoelastic constants of these glasses, 
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2. PRINCIPLE OF THE METHOD 


To determine the absolute values of the strain-optical constants, a 
measure of the absolute change in the refractive index for light polarised 
parallel and perpendicular to the direction of pressure is needed. The 
method adopted by Pockels (1902) is to determine the absolute path retarda- 
tion by an interferometer method using two equal plane parallel prisms of 
the glass in the two beams of the interferometer, of which one is under stress. 
As two equal and plane parallel prisms for each variety of glass were not 
available, the following method has been used by the author. The value 
of (p — q) has been determined by stressing the glass and measuring the 
difference between the two refractive indices for light vibrating parallel and 
perpendicular to the direction of pressure. With light polarised at 45° to 
the direction of pressure, the light emerging from the glass cube under stress 
will be elliptically polarised which can be analysed with the aid of a Babi- 
net’s compensator. Then it can be shown that x the measured fringe shift 
for a stress P is given by the relation 


(p — 9) — ays "x (1) 
where d is the length of path of light within the glass, b the distance between 
two successive fringes in the Babinet’s compensator for wave-length A, and 
p the refractive index of the glass in the undeformed state. Thus by measur- 
ing the fringe shift for a known stress P, the value of (p — q) can be determined 
provided (C,,; — C,,) is known. The principle of the measurement of C,,. 
and C,,. for glasses is described below. 


If a piezoquartz is cemented to one side of a glass cube and suitably 
excited by means of an R.F. oscillator such that the glass cube is thrown 
into strong resonant vibrations, then stationary waves are set up in the cube. 
Even though the glass cube is excited along one direction only, owing to the 
contraction of the cross section of the cube, a large number of waves are 
created which travel in various directions. If now a point source is used 
to form an image on a screen (or a photographic plate) in the usual way 
through the vibrating cube, a diffraction pattern called the Schefer-Berg- 
mann Pattern (1935) is obtained. This consists of a large number of sharp 
points lying on two concentric circles (Fig. 1). Each spot is due to a sound 
wave which travels in the plane containing the incident and the diffracted 
beams. On the other hand, if a slit is used as the source (Hiedemann, 1935), 
then only those sound waves having their wave-fronts parallel to the slit are 
effective in producing the diffraction pattern and the pattern obtained is 
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as shown in Fig. 2. (In both cases the central spot or zero orde: is cut off 
by means of suitable obstacles, immediately in front of the photographic 
plate, to avoid fogging of the plate.) 





















































Fic. 1 Fic. 2 
1. Schefer — Bergmann Pattern in glass 
Fic. 2. Hiedemann Pattern in glass 


L = Longitudinal T + Transverse 


When a point source is used, according to the theory of Fues and 
Ludloff (1935) the radius of the inner circle produced by the longitudinal 
waves is given by 


DA [pw 
n= if (2) 


where D is the distance between the glass cube and the photographic plate, 
p the density, A the wave-length of light, w =27/f,f being the frequency; 
and the radius of the outer circle produced by transverse waves is given by 


_ _DA 2pw* 
NGC i 


If instead of a point a slit is used as the source, r; represents the distance 
between the zero order and the inner line due to longitudinal waves and 
r, that between the zero order and the outer weaker line due to transverse 
waves. Thus by measuring the values of r, and r,, the values of C,, and 
Ci. can be calculated. Mueller (1938) has shown that the same method with 
slight modifications can be used to determine the value of p/q of glasses 
and cubic crystals. Recently, this method has been successfully adopted 
for cubic crystals by Burstein, Smith and Henvis (1948). Using a horizontal 
slit and incident light polarised at 45° to it, the direction of polarisation of 
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the first order longitudinal pattern will be oriented at an angle ‘ 0’ given 
by the relation, 


tan (0 +- 45) = He (4) 
1 


pe 
Where J, is the first order Bessel function, R =p/q,v = NY . ‘a’isa 


function of the sound amplitude, L the width of the supersonic field, and 
A the wave-length of light. If now, the variation of @ with sound amplitude 
is plotted, 6 approaches a limiting value 0, given by the relation 


tan (0, +- 45) =R =p/q (5) 


A slight modification of the above method of calculating R, which gives 
more accurate results, is given below. Expanding equation (4) and neglect- 
ing higher terms, we get 
P 2 4 

tan (0 + 45) = il [1 — © (R— 1) + 5 (RY BR? 1) bees] 
As the value of y is less than } when only the first order longitudinal pattern 
is obtained, it is seen that the term involving v‘ and higher terms are negligible 
for values of R up to 2:5. Hence if tan (6+ 45) is plotted against the 
square of the sound amplitude or the intensity of the oscillator, then we 
should get a straight line from which the value of R for v =0, can be extra- 
polated. A typical graph obtained from experimental data on glass no. 
14is given in Fig. 3. 
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3. SPECIMENS STUDIED 


The specimens studied were in the form of rectangular blocks (30 x 30 
x 20mm.) having all but two sides polished. The thickness of each glass 
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did not deviate by more than -003cm. in 2:000cm. These were the same 
specimens which were used not only for the investigations on the scattering 
of light by Krishnan (1936), but also for studies on Raman effect by Norris 
(1941), and on Faraday effect and dispersion by Ramaseshan (1946). Table I 
gives the list of these glasses, their approximate composition, and density 
as furnished by the manufacturers. The refractive indices for A 5893 A of 
these specimen as measured by Ramaseshan with the help of a Pulfrich 
Refractometer, are also given in Table I. All the specimens were found 


TABLE | 
List of Glasses Studied 








| Chemical Composition 








| =, Melt. No. | —__— | Density M5go3 
More than 10% Less than 10% 
| 
| 4 25188 SiO», B,O3, AlpO3, KzO|} NagO, F | 2-3 1-46693 
| 3 1s415 SiO., B,03, KeO AlsO3 | 263 1-49340 
| 3 16776 SiO., K,0 AlgOg, NagO, CaO 2-4 1-50228 
| 4 23975 SiO., B,O3, ZnO Al. Og, NagO 2-5 1-50933 
| 5 24906 | SiOs, BgOz Na.O, K,0, BaO | 2°5 1-51714 
| 6 22601 SiO., B03, Sb.O3 Al.O3, Na2O, K.0 | 207 1-52998 
7 23125 | SiOs, NasO, PbO ZnO | 2-7 1-52686 
8 22638 SiO,, PbO Na,O, K,O | 2-9 1+54495 
9 24464 SiOs, ZnO, BaO B2Og, Na2O, KO, PbO} 31 1+57000 
10 19510 SiO., PbO Nao, K,0 | 3-2 1-56991 
11 23355 SiOo, B2Og, BaO AlsO3, NagO 3:3 1+58950 « 
12 20672 SiOg, PbO B,03, NasO, KeO 3-4 1-59813 
13 22986 SiOs, BaO, PbO Na,O, K20, ZnO | 3°5 1-60620 
14 23441 SiO», PbO Na.O, K.0, 3-9 1-64712 
| 165 23497 SiOs, BaO, PLO Na.O, K,0, ZnO | = 3-9 1-64917 
16 93850 SiO», PbO Na.O, K,O | 44 | 1-7130 
oe 23590 SiOs, PbO Na.O, KO del =| 1+7850 
| 18 $1075 SiO., PbO B,03, KO, SboO; | 6°7 1-8900 





to be completely free from natural birefringence when tested with the aid 
of a Babinet compensator. 


4. EXPERIMENTAL DETAILS 


The schematic diagram of the experimental arrangement for the 
measurement of the elastic constants is given in Fig. 4. The glass block 
was mounted on a quartz plate 4cm. x 4cm. x -08cm. with a thin layer 
of transformer oil in between, and the quartz plate was excited at its Sth 


harmonic by a push-pull T 55 oscillator. Using 44358 A radiations of Hg. 


arc, the Hiedemann pattern was photographed and measured with the aid 
of a Hilger cross slide micrometer capable of reading up to 1/1000 mm. In 
the case of glass No. 16 as the transverse pattern was too weak, and as the 
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frequency of the oscillator was not sufficiently constant throughout the 
exposure (the variation of 1/200 Mc. in the frequency of the oscillator, is 
enough to make the transverse pattern disappear), a Fuess micrometer 
eyepiece reading up to 1/200 mm. was used to measure the values of r; and r, 
directly. The frequency was determined with the help of a G.R. type 724 A 
precision wave-meter. In the case of glasses numbered 17 and 18, the trans- 
verse pattern could not be observed even with the maximum power of the 
oscillator, as the intensity of the transverse pattern depends on (p-q) which 
is very nearly equal to zero. Experiments to measure C,, and C,, for these 
glasses by the static method are in progress. 


The experimental arrangement for the determination of p/g is the same 
as before, except that the photographic plate is replaced by an analyser, 
and the incident light (A 5893 A) polarised at 45° to the vertical. A suitable 
diaphragm was used to cut off the zero order so as to reduce the background 
illumination. Using the crossed position of the analyser in the beginning, 
the analyser has to be rotated through an angle 6, to get the extinction of 
the first order longitudinal pattern. 6 is taken as positive for a clockwise 
rotation for an observer looking towards the source. For each glass at 


least four different values of @ were taken, each value of @ itself being 2 mean 
of ten readings. 


The value of (p-q) was determined by the usual classical method of 
Pockels (1902) using the lever arrangement. Normally stresses less than 
0:75 kg. wt/mm.? were used. To uniformise the pressure 3mm. thick 
rubber washers were used on both sides of the glass block. The measure- 
ments of double-refraction generated by pressure for A5893A were made 
using a Fuess Babinet compensator at nine different points of the glass block. 
From the average of these readings and from the observation that 21-80 
divisions of the Babinet compensator correspond to a fringe shift for 
5893 A, the value of (p-g) has been calculated using the formula (1). 
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5. RESULTS 


The values of C,,, Cy, and other elastic constants Y, » and as calculated 
from C,, and Cy are given in Table II. C,,; and C,, are obtained from the 
measured values of r; and r, using the equations (2) and (3). The values 
of the elastic constants are accurate to within 1%. Table II contains also 
the values of p/q which are obtained by plotting (tan #-+ 45) against the 
intensity of the oscillator, for various values of the plate voltage. Table II 
contains the values of (p-q) as well, which are obtained as explained in the 





TABLE II 
—— , : iapileliaalal 
: Cie i | | ( 
se ngtstlse9G 2281 xc 10°23 x 107212 o |\p-9) | e é g Pin fi2 | tons ait 
| | 
} t ] | | 
5+531 1+775 | 4-669 1-878 +243 -0762 | 1-75 | -178 | -102 | -139 | -242 ae 3.21 | 
2 | 6-684 1-608 | 6-061 | 2-538 | +194 | -0918 2-37) -159 | -067 | -090 | -212 | -120 | 2-54 
3 | 7-904 2-180 6-961 2-862 | -214 -0774 1-79 +176 | -099 +131 +234 | -430 | 2-93 
4 | 8-078 2-244 | 7-102 2-917 | -217  -1049 2-30 -186 | -081 | -107 | -246 | -0013| 2-38 
5 | 8-734 2-026 | 7-972 | 3-354 -188  -0909 2-06 | -177 | -086 | -114 | -233 | -322 | 2.11 
6 | 6485 | 1-986 5-595 2-275 +239 -0875 | 1-71 -212 | -194 162 | -276 | -6296 | 3-14 
7 | 7+238 2-031 6-348 | 2-604 | -219 | -0771 | 1-77 | -177. -100 | -131 -232 | +464 | 2-40 
8 | 6-648 1-726 | 5-937 | 2-461 -206 —~ (ean .. o me wal Td oe 
9 | 9-085 2-978 7-614} 3-053 +247 -0855 | 1-84 -188 | -102 | -130 | -239 | -161 | 1-95 
10 | 6-891 1-942 6-207 | 2-474 +220 | -0698 1-70 | +169 , -099 | -127 -216 | -474 | 2-23 
11 10-078 3-494 | 8-279 | 3-202-257-0633 1-6L 167-104-131. +211 | -273 | 1-48 
12 | 6-694 1-885 5-865 | 2-404 +290 -0642 1650-193 +129 +161 +242 | -940 | 2-61 
13 | 7-680 | 2-542 | 6-416 | 2-569 +249 -0630 1-51 | -188 | -125 +155 | -234 | -609 | 2-14 | 
14 | 6-647 | 1-969 | 5-747 | 2-329 -998 «= ws | aed) ww | ee et = 
15 | 7*867 2-689 6-497 | 2-589 | -255  -0503 | 1-39 -179 | -129 | -156 | -217 | -702 | 1-88 
16 | 6-637 2-044 | 5-674 | 2-296 +235 -0308 | 1-18, -202 | -171 | -200 , -236 [1-581 | 2-36 
Ss - oh a an . (ant fe a ye ee be 
18 Re “ ae we ie «| 0-995} +e ne a Ee ae ie 


| 
} 





C,, Cy, Yand n are given in dynes/em?. For g,, and qy., 1 dyne/cm?. is taken 
aS unit oO! stress. 


last section. The values of Neumann’s strain-optical constants, and also the 
Pockels’ eclasto-optic and piezo-optic constants for these glasses, as calcu- 
lated from the measured values of (p/q) and (p-q) are also given in Table II. 
Measurements on (p-q) for glasses numbered 8 and 14 could not be made 
as they were found to have internal cracks. The values of the photo- 
elastic constants are accurate only to within 5%. 


6. DISCUSSION OF RESULTS 


As all the glasses studied here are of widely varying composition and 
as the exact percentage compositions of these glasses are also not known, 
it is not possible to compare the experimental results either amongst them- 
selves or with those obtained by the other authors. However, a few general 
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conclusions can be drawn from these results. Comparing the values of the 
elastic constants for the different glasses given in Table II, one finds that 
there is very little correlation between these values and the density or the 
refractive index. The same generalisation is applicable to quantities p,,, 
Py» 911 and gy. But when glasses of similar composition are taken, for 
example glasses numbered 10, 12, 14, 16 and 17, it is seen that as the lead 
content increases, the elastic constants decrease, while the photoelastic 
constants increase. A similar effect was observed by Pockels (1902). 


From Table II, it is seen that in general the value of p/q decreases as 
the refractive index increases, which is very evident when glasses of similar 
composition are compared. Another interesting fact worthy of mention 
here is that the value of p/q has become less than unity in the case of glass 
No. 18, that is, the value of q has become greater than that p, in conformity 
with Pockel’s observations. 
































TABLE IIT 
l 2 a | | iy ee ce toa 
a * | Composition Lo m 
| glass u ly 19722)x 10711) % (p~g)) p g Observer 
| No. | More than 10% | Less than 10% | | 
| | | | ; 
Barium | 46 SiO., 24 PbO,| 8 ZnO, 4 K,0O, 1-606 | 6-466 | 2-6 +243 | -0625) .. i Adams and 
| Flint | 15 BaO } 3 Na,O Williamson 
- 3 | SiOz, PbO, BaO | ZnO, KO, | 1-60620 6-416 | 2-569 | -247 | -0630) -188 | -125 | Author 
| | ewe | 
0500 | 29-3 SiOz | 3K2O, 2 As2O5| 1+7510 | 5-500 | 2-220 | -239 | -017 | -202 | -185 | Pockels 
67°5 PbO | \ 
16 SiOz, PbO | Na2gO, K,0 1-7130 | 5-674 | 2-296 | -235 | -031 | +202 | -171 | Author 


























In Table III, the values of the elastic and photoelastic constants for two 
glasses are given as determined by Adams and Williamson (1920) and 
Pockels (1902) and also for two glasses No. 13 and 16 as measured by the 
author. The glass No. 13 has nearly the same composition and refractive 
index as the “‘ Barium flint” glass used by Adams and Williamson. The 
same is the case with glass No. 16 and Pockels’ glass 0500. _It is seen that 
the results are in good agreement within the limits of experimental error. 
For the other glasses, the results obtained by the author cannot be com- 
pared with the results of Adams and Williamson or of Pockels, because they 
are of different composition and refractive index. 


It is interesting to note that glass No. 4 is in many ways exceptional 
compared to the other glasses. This glass has the lowest values for the 
depolarisation factors p,,, p,, pz and also for the ratio p,/p,;. Moreover the 
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The elastic and photoelastic constants for a set of 18 optical glasses 
of widely varying composition have been measured. The elastic constants 
and the quantities p.,, Py2, Gy, and gy. have in general no correlation with 
the density or the refractive index. However, when glasses of similar 
composition are compared, the photoelastic constants are found to increase, 
as the lead content in the glass increases; also the value of p/q is found to 
diminish progressively thus confirming Pockels’ observations. 


wn = 
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scattering power is maximum for this glass (Krishnan, 1936). Norris (1941) 

could not get a satisfactory Raman spectrum of this glass. The same speci- 
men has the maximum value for (p-qg) and an extremely low value of qy, 3 
and also that the value of p/q is very high. 


In conclusion the author desires to express his grateful thanks to 
Prof. R. S. Krishnan for suggesting the problem and for valuable help 
rendered during the course of this investigation. The author’s thanks are 
also due to Dr. G. N. Ramachandran for the useful discussions he had 
with him. 


7. SUMMARY 
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